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SUBJECT:  Delaware  River  Basin  Report 


TC.  Division  Engineers,  except  Division  Engineer,  MD 

District  Engineers,  except  District  Engineers  of 
Eastern  Ocean,  Far  East  and  Okinawa  Districts 
and  Districts  in  MD 


1.  The  District  Engineer,  Philadelphia,  recently  completed  a 
report  on  the  comprehensive  study  of  the  water  resources  of  the 
Delaware  River  Basin.  In  view  of  present  emphasis  on  comprehensive 
basin  planning,  the  Division  Engineer,  North  Atlantic,  proposed  to 
the  Office  of  Chief  of  Engineers  that  each  Division  Engineer  and 
District  Engineer  office  having  Civil  Works  responsibilities  be 
furnished  a copy  of  that  report  as  source  material. 

2.  The  Office,  Chief  of  Engineers,  concurred  that  such  distri- 
bution was  desirable,  and  requested  that  the  distribution  be  made 

by  the  District  Engineer  in  order  to  avoid  rehandling.  Accordingly, 
one  complete  copy  of  the  District-Division  report  on  the  Delaware 
River  Basin  is  furnished  each  addressee  except  those  who  were  pre- 
viously furnished  copies  in  compliance  with  specific  individual 
requests.  The  exceptions,  to  whom  this  letter  is  being  furnished 
for  information,  are: 

a.  Division  Engineers: 
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Lower  Mississippi  Valley 
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SUBJECT:  Delaware  River  Basin  Report 


TO:  Chief  of  Engineers 

Department  of  the  Army 
Washington,  D.  C. 


1.  I concur  in  the  conclusions  and  recommendations  of  the 
District  Engineer  contained  in  his  report  on  the  Delaware  River  Basin 
dated  December  i960. 

2.  The  report  presents  a plan  for  coordinated  long  range 
development  of  the  water  resources  of  the  Delaware  River  Basin. 

The  plan  has  been  developed  through  the  joint  efforts  of  all  Federal 
and  non-Federal  governmental  agencies  concerned.  Every  effort  has 
been  made  to  insure  that  the  plan  represents  the  optimum  with  respect 
to  conservation  and  development  of  the  basin  water  resources  and 
economy  of  cost.  It  is  pertinent  to  emphasize,  however,  that  the 
intricate  and  interrelated  structure  of  the  plan  may  be  nullified  by 
continuing  encroachment  and  incompatible  development  of  the  project 
areas  unless  a vigorous  program  for  preservation  of  the  sites  is 
undertaken  at  an  early  date.  A proposal  for  such  action  is  included 
among  the  District  Engineer's  recommendations. 
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COMPREHENSIVE  REPORT  ON  THE  DEVELOPMENT  OF  THE 
WATER  RESOURCES  OP  THE  DELAWARE  RIVER  BASIN 


SYLLABUS 


Recent  disastrous  flooding  and  authorizations  by  the  U.  S. 
Supreme  Court  for'  diversions  out  of  the  basin  of  900  million 
gallons  of  water  per  day  for  water  supply  purposes  focused  atten- 
tion on  the  need  for  control  of  the  high  and  lew  flows  in  the 
Delaware  River  Basin,  In  water  use  studies  based  on  present  and 
projected  populations  and  economic  activities  in  the  basin  and 
adjacent  areas,  it  was  found  that  the  primary  needs  that  could  be 
satisfied  by  water  resource?  development  were  flood  control,  water 
supplies,  recreation  and  hydropower.  Present  and  projected  needs 
for  navigation,  preservation  of  water  qualities,  preservation  of 
fish  and  wildlife  rasoi  rces,  sediment  control,  and  drainage,  create 
no  direct  requirements  for  added  or  expanded  development  of  the 
water  resources  of  the  basin. 

All  practical  measures  to  satisfy  the  needs  of  the  basin  were 
considered  including  land  management  measures,  local  protection 
works,  reservoirs  of  all  sizes,  a saltwater  barrier  in  the  Delaware 
River  estuary,  and  supplemental  programs  capable  of  satisfying 
significant  portions  of  the  needs.  The  economies  and  capabilities 
inherent  in  major  impounding  structures  for  multiple  use  required 
that  the  basic  plan  be  defined  in  terms  of  major  control  projects 
with  small  reservoirs  and  other  measures  and  programs  added  as 
supplements  to  mitigate  the  needs  and  to  extend  the  effectiveness 
of  the  plan. 

A total  of  193  major  reservoir  potentials  in  the  basin  was 
considered.  A series  of  evaluations  defined  a basic  plan  of  19 
major  control  projects.  The  basic  plan  and  the  multiplex-purpose 
elements  of  the  plan  were  designed,  on  the  basis  of  maximized  net 
benefits,  to  provide,  in  a balanced  and  timely  manner,  for  control 
of  flood  flows,  control  of  low  flews  for  water  supply  purposes, 
enhanced  recreation  opportunities  and  hydropower  generation.  A 
total  of  386  small  reservoir  projects  was  also  considered,  and  a 
series  of  discrete  screenings  identified  39  projects  with  suffi- 
cient economic  attractiveness  fer  flood  control  purposes  to  warrant 
their  inclusion  in  the  plan,  of  development.  All  of  these  small 
control  projects  can  be  accomplished  under  existing  authorizations 
and  continuing  programs.  The  physical  features  of  needed  land 
management  programs  also  can  be  accomplished  under  existing  authori- 
zations and  continuing  programs.  Since  the  effects  of  such  mea- 
sures on  downstream  flows  are  modest,  the  actual  extent  and  nature 
of  the  physical  features  were  not  defined  in  this  investigation. 
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The  District  Engineer  recommends  that  a plan  consisting  of  19 
major  control  projects  and  39  small  control  projects,  at  an  esti- 
mated total  construction  cost  of  591  million  dollars,  be  adopted  as 
a guide  to  the  timed  and  balanced  development  of  the  water  resources 
of  the  basin.  He  recommends  that  authority  be  granted  for  the  con- 
struction of  eight  major  control  projects  indicated  to  be  needed  in 
the  next  30  years  at  an  estimated  total  Federal  first  cost  of 
$134,900,000  plus  $89,100,000  which  would  be  reimbursable  by  local 
interests  for  water  supply  storage,  a total  of  $224,000,000,  and 
annual  operation,  maintenance  and  replacement  costs  of  $2,450,000 
during  the  period  of  deferred  use  of  future  water  supplies  and 
$2,260,000  during  the  period  after  use  of  future  water  supplies  is 
initiated;  provided  local  interests  bear  annual  operation,  mainten- 
ance and  replacement  costs  of  $266,000  during  the  period  of  deferred 
use  of  future  water  supplies  and  $450,000  during  the  period  after 
use  of  future  water  supplies  is  initiated.  The  District  Engineer 
recommends,  also,  that  a program  be  established  and  executed  at  an 
early  date  for  the  acquisition  of  project  lands  in  order  to  preserve 
the  project  sites. 
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CHAPTER  I 


INTRODUCTION 

1.  SCOPE . The  water  resources  of  the  Delaware  River  Basin  con- 
tribute to  the  economic  and  social  well-being  of  an  important  segment 
of  the  economy  of  our  nation.  To  anticipate  the  requirements  that  will 
be  placed  on  these  resources  in  the  future  and  to  plan  for  their  con- 
tinued beneficial  use.  an  investigation  has  been  made.  It  was  neces- 
sary, first,  to  define  these  requirements  and,  secondly,  tc  establish  a 
plan  of  development  that  will  assure  the  satisfaction  of  these  require- 
ments through  a balanced  utilization  of  these  limited  resources.  This 
repor t^cons titutes  the  official  account  of  these  investigations.  It 

^defines  a comprehensive  and  rational  plan  for  control  of  the  uneven 
flows  of  the  Delaware  River  and  its  tributaries  to  the  practical  and 
economical  extent  required  to  insure  its  optimum  and  equitable  restraint 
and  availability  for  every  purpose  in  the  future,  thereby  providing  for 
the  continued  expansion  of  the  Delaware  Basin  community.  ^^The  ultimate 
value  of  the  plan  as  a guide  to  the  development  of  the  basin's  water 
resources  depends  on  the  continuation  of  vigorous  activity  by  govern- 
ment and  non-government  interests  wherever  such  interests  are  engaged 
in  the  development  and  use  of  the  water  resources  of  the  region.  The 
plan  presented  in  this  report  was  formulated  on  the  basis  of  technical 
studies  and  investigations  participated  in  by  the  several  levels  of 
government  through  their  representative  agencies  within  the  Delaware 
River  Basin  area,  each  within  its  sphere  of  responsibility  to  the 
people  of  the  basin. 

2.  The  following  chapters  of  this  report  contain  the  results, 
conclusions  and  recommendations  of  the  District  Engineer  based  upon 
analysis  of  detailed  technical  data  and  investigations  reported  upon 
in  the  various  appendices  to  this  report.  Information  gained  by  care- 
ful review  and  evaluation  of  reports  of  prior  studies  of  the  Delaware 
River  Basin,  as  well  as  that  obtained  by  new  field  surveys  and  exten- 
sive new  office  studies  and  investigations,  is  contained  therein. 

3.  BACKGROUND  OF  INVESTIGATION.  Interest  in  the  waters  of  the 
basin  is  not  new.  Numerous  independent  surveys  and  reports  on  many 
facets  of  the  basin's  waters  have  been  prepared  for  various  purposes  in 
the  past*  Such  purposes  encompassed  local,  state,  interstate  and 
Federal  interests.  The  history  of  planning  for  the  development  and 
utilization  of  the  water  resources  of  this  basin  dates  from  the  early 
1800 's  when  a number  of  shallow  draft  barge  canals  were  designed  and 
constructed  to  carry  the  anthracite  of  the  Lehigh,  Schuylkill  and 
Susquehanna  basins  to  Philadelphia  and  New  York.  In  1823  the  Corps  of 
Engineers  formulated  plans  for  a breakwater  at  the  mouth  of  Delaware 
River  to  protect  vessels  from  storms  and  floating  ice.  Since  that 
time  numerous  studies  have  been  made,  by  the  Corps  of  Engineers,  for 


navigation  improvements  on  the  Delaware  River  and  Bay.  These  have  re- 
sulted in  construction  of  6 major  navigation  projects  with  authorized 
depths  in  excess  of  25  feet,  and  a number  of  projects  with  authorized 
depths  under  25  feet  A navigation  channel  40  feet  deep  from  the  ocean 
to  Philadelphia  has  been  completed  and  is  being  extended  to  Newbold 
Island  thence  35  feet  deep  to  Trenton. 

4.  Use  of  the  Delaware  River  and  its  tributaries  as  a source  of 
municipal  and  domestic  water  supply  can  be  traced  to  the  late  1700 's 
with  the  building  of  municipal  waterworks  at  Bethlehem  and  Phila- 
delphia. in  the  1920's,  New  York  City  contemplated  going  to  the  head- 
waters of  the  Delaware  River  for  an  additional  water  supply,  Con- 
tinuous negotiations  of  the  States  of  New  York  and  New  Jersey  and  the 
Commonwealth  of  Pennsylvania  at  that  period  failed  to  provide  any 
acceptable  solution  to  their  mutual  water  supply  problems.  A resolu- 
tion to  this  particular  phase  of  the  basin's  water  resources  develop- 
ment came  through  a decree  of  the  Supreme  Court  in  1931  which  granted 
the  City  of  New  York  the  right  to  a diversion  of  440  million  gallons 
per  day  (mgd) . That  decree  required  that  New  York  release  from  its 
reservoirs  a limited  quantity  of  water  to  maintain  minimum  flows.  The 
negotiations  undertaken  by  the  basin  states  at  that  time  recognized 
the  need  for  comprehensive  treatment  of  the  water  resources  of  the 
Delaware  basin. 

5.  In  1933  the  Corps  of  Engineers  completed  preliminary  studies 
of  the  Delaware  River  that  were  submitted  to  the  Congress  and  became 
part  of  the  nationwide  study  known  as  the  "308"  report.  The  section  of 
that  report  concerning  the  Delaware  basin,  published  as  House  Document 
No.  179,  73d  Congress,  2d  Session,  dealt  with  navigation,  hydroelectric 
power,  flood  control,  irrigation  and  water  supply.  Although  no  devel- 
opment features  were  found  economically  justified  at  that  time,  the 
report  marked  the  beginning  in  the  Delaware  River  Basin  of  a more 
comprehensive  approach  to  water  resources  development  and  use. 

6.  Two  years  after  publication  of  the  "308"  report,  the  Inter- 
state Commission  on  the  Delaware  River  Basin  (INCODEL)  was  created  by 
reciprocal  legislation  in  New  York  New  Jersey,  Delaware  and  Pennsyl- 
vania. From  its  creation  through  1948,  INCODEL  directed  its  program 
mainly  to  the  problem  of  pollution  in  the  Delaware  River  Basin. 

INCODEL  then  undertook  a study  and  prepared  a report,  published  in 
August  1950,  dealing  with  a comprehensive  plan  for  the  Delaware  River 
Basin.  That  report  included  plans  for  water  supply  storage,  hydro- 
electric power,  pollution  abatement,  recreation,  fish  and  wildlife, 
stream  flow  regulation  and  salinity  control.  Although  the  proposed 
plan  failed  of  ratification  by  all  the  member  states,  it  remains  as  a 
major  contribution  in  the  history  of  resource  development  in  the 
basin. 

7.  Following  World  War  II,  work  was  resumed  on  the  New  York  City 
system  of  reservoirs  in  the  Delaware  headwaters.  In  1954  the  Pepacton 
Project  was  completed  and  added  to  previously  completed  system  com- 
prised of  the  Neversink  Project  and  the  Rondout  Project,  the  latter  in 
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the  adjacent  basin.  In  the  same  year  the  Supreme  Court  approved  an  addi- 
tional diversion  by  New  York  City  to  a total  of  800  mgd  The  diversions 
are  subject  to  specific  conditions  and  obligations  regarding  compensating 
releases  and  sewage  treatment.  The  decree  limits  diversion  to  490 
million  gallons  per  day  until  completion  of  the  Cannonsville  Project  on 
West  Branch  of  Delaware  River,  and  800  million  gallons  per  day  there- 
after. This  decree  also  granted  the  State  of  New  Jersey  the  right  to 
divert  100  mgd  from  the  basin  without  compensating  releases. 

8.  A general  Federal  interest  in  the  water  resources  development  of 
the  basin  has  been  active  throughout  the  years..  The  United  States  De- 
partment of  Agriculture  has  long  been  active  in  various  elements  of  the 
land  use  program,  agricultural  drainage  land  treatment  measures  and 
flood  control  on  small  watersheds.  The  United  States  Department  of 
Interior  has  been  active  in  the  basin  in  matters  relating  to  fish  and 
wildlife,  recreation,  stream  gaging,  geologic  studies  and  management  of 
historical  resources,  and  commercial  fisheries.  The  United  States  De- 
partment of  Health,  Education  and  Welfare  has  conducted  numerous  stud- 
ies and  pursues  continuing  programs  related  to  the  quality  of  the  waters 
of  the  basin.  The  United  States  Department  of  Commerce  continues  to 
maintain  data  collection  activities  pertinent  to  navigation  and  clima- 
tology. The  Corps  of  Engineers  has  been  active  in  the  areas  of  flood 
control  and  navigation.  Corps  of  Engineers'  reports  of  particular 
interest  include  the  review  report  on  the  Lackawaxen  River,  a major 
tributary  of  the  Delaware  River;  which  was  published  as  House  Document 
No.  113  80th  Congress,  1st  Session.  This  document  recommended  author- 
ization for  construction  of  Dyberry  (now  Edgar  Jadwin)  and  Prompton 
Dams  and  Reservoirs  for  flood  control.  Of  equal  importance  is  the 
review  report  on  the  Lehigh  River,  published  as  House  Document  No.  587, 
79th  Congress,  2d  Session,  which  recommended  authorization  for  the 
construction  of  Bear  Creek  Dam  and  Reservoir  and  local  flood  protection 
works  for  the  cities  of  Allentown  and  Bethlehem.  House  Document  No. 

358,  83d  Congress,  2d  Session,  recommended  authorization  for  a channel 
in  the  Delaware  River  for  navigation,  35  and  40  feet  deep  from  Phila- 
delphia upstream  to  the  vicinity  of  Trenton,  New  Jersey.  A 40-foot 
channel  from  Philadelphia  to  the  Sea,  was  authorized  in  accordance  with 
recommendations  in  Senate  Document  159,  75th  Congress,  3d  Session, 

All  of  these  projects  have  been  completed,  or  they  are  under  construc- 
tion. 


9.  In  addition  to  the  long  record  of  studies  on  the  Delaware 
River  by  Federal  agencies,  a considerable  number  of  technical  investi- 
gations, covering  various  aspects  of  water  use  and  development  have 
been  made  for  portions  of  the  basin  from  time  to  time  by  the  States, 
counties  and  municipalities,  and  other  interests  The  recently 
completed  plan  for  the  Brandywine  Basin  development  made  by  the  Common- 
wealth of  Pennsylvania,  in  cooperation  with  the  Brandywine  Valley 
Association  and  Federal  and  other  local  interests  is  a notable  example. 

10.  AUTHORIZATIONS  FOR  INVESTIGATION.  Since  the  preparation  of 
the  "308"  report  in  1933,  significant  changes  have  occurred  in  the 
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region's  population  and  economy.  The  population  has  increased  about  30 
percent,  total  personal  income  about  81  percent,  total  employment  is  up 
about  25  percent  with  employment  in  factories  increasing  about  33  per- 
cent, and  per  capita  personal  income  has  increased  about  40  percent. 
These  changes  influenced  local  interests  to  request  that  the  "308" 
comprehensive  report  for  the  Delaware  River  Basin  be  brought  up-to-date. 
Accordingly,  the  Committee  on  Public  Works  of  the  United  States  Senate 
directed,  by  a resolution  dated  13  April  1950,  that  the  "308"  report 
be  reviewed  to  determine  whether  any  modifications  in  the  recommenda- 
tions of  that  report  were  advisable. 

11.  Limited  review  of  the  "308"  report  was  in  progress  in  August 
1955  when  two  tropical  storms  moved  up  the  eastern  coast  of  continental 
United  States  about  a week  apart.  The  flood  damage  and  other  destruc- 
tion resulting  from  these  storms  dramatically  emphasized  the  need  for 
full  appraisal  of  the  water  problems  of  the  Delaware  basin.  This 
increased  interest  led  to  the  adoption  of  the  following  resolutions  by 
the  Committee  on  Public  Works  of  the  United  States  Senate 

a.  Resolution  dated  14  September  1955,  requesting  a review 
of  previous  reports  on  the  Delaware  River  and  a number  of  other  streams 
in  northeastern  United  States,  to  determine  the  need  for  modifications 
of  the  recommendations  of  previous  reports  and  the  advisability  of 
adopting  further  improvements  for  flood  control  and  allied  purposes. 

b.  Resolution  dated  14  November  1955,  requesting  a review 
of  the  "308"  report  and  other  reports  on  the  Delaware  River  with  a 
view  to  determining  the  feasibility  of  providing  flood  protection 
measures  in  the  New  York  area  of  the  watershed. 

c.  Resolution  dated  20  February  1956,  requesting  a review 
of  the  "308"  report  and  other  reports  with  a view  to  determining  the 
feasibility  of  the  United  States  and  the  Commonwealth  of  Pennsylvania 
and  the  State  of  New  Jersey  constructing  and  operating,  on  a coop- 
erative basis,  a reservoir  on  the  Delaware  River  near  Wallpack  Bend 
or  Tocks  Island  as  an  integral  unit  of  a comprehensive  plan  for 
control  and  utilization  of  the  water  resources  of  the  Delaware  River 
in  the  interest  of  flood  control,  navigation,  water  supply,  stream 
pollution  abatement,  recreation,  control  of  the  movement  of  salt 
water,  electric  power  and  other  purposes. 

12.  On  13  June  1956,  the  Committee  on  Public  Works  of  the  House 
of  Representatives  adopted  two  resolutions  as  follows: 

a.  Resolution  640  requested  a review  of  reports  on  the 


Delaware  River  and  its  tributaries  to  determine  the  feasibility  of 
providing  flood  protection  measures  in  the  New  York  portion  of  the 
watershed. 


b.  Resolution  643  requested  review  of  reports  on  the  Delaware 
River  and  its  tributaries  to  determine  whether  any  improvements  for 
flood  control  and  allied  purposes  are  advisable,  particularly  in  the 
counties  of  Northampton  and  Monroe  and  the  city  of  Easton,  Pennsylvania. 

13  Even  as  work  was  underway  on  the  studies  of  the  water  prob- 
lems of  the  basin,  an  intense  but  short  duration  drought  occurred  in 
1957  and  directed  further  attention  to  the  nature  and  extent  of  these 
studies.  This  led  to  a resolution  dated  28  April  1958  by  the  Committee 
on  Public  Works  of  the  United  States  Senate.  This  resolution  requested 
a review  of  reports  on  the  Delaware  River,  in  conjunction  with  the  com- 
prehensive study,  to  determine  the  feasibility  of  constructing  a barrier 
in  the  Delaware  estuary.  Consideration  was  directed  to  the  economic  and 
physical  effects;  the  costs  and  potential  benefits;  and  the  economic  and 
physical  relationship  of  such  a structure  to  other  works  of  improvement 
being  planned  for  the  basin. 

14.  The  full  texts  of  all  resolutions  pertaining  to  this  investi- 
gation are  contained  in  the  documented  history  of  this  report  presented 
in  appendix  A referred  to  below. 

15.  COOPERATION  AND  COORDINATION.  It  was  apparent  that  to  carry 
out  the  intent  of  the  Congress  as  indicated  in  the  above  resolutions 
the  Corps  of  Engineers,  as  the  responsible  agency,  would  have  to  call 
upon  and  work  closely  with  all  Federal,  State  and  local  agencies  involved 
in  the  region's  economy.  Public  hearings,  meetings  within  and  between 
the  States  and  agencies  involved,  and  other  actions  in  conformity  with 
the  need  for  coordination  were  initiated  early  in  the  study.  The  more 
significant  actions  of  this  type  are  described  in  Appendix  A,  "History 

of  Investigation."  The  letters  referred  to  below  and  reproduced  in 
that  appendix  are  pertinent  examples: 

a.  A letter  dated  11  September  1956  from  the  Assistant 
Secretary  of  the  Army  to  the  Under-Secretary  of  Interior  which  outlined 
the  basis  on  which  the  Corps  of  Engineers  sought  the  cooperation  of 
other  agencies;  and 

b.  A letter  dated  22  October  1956  from  the  President  of  the 
United  States  to  the  Secretary  of  the  Army  which  directed  the  Department 
of  the  Army  to  exercise  particular  care  throughout  the  survey  and  in  the 
preparation  of  this  report  to  solicit  and  take  into  account  the  comments 
and  views  of  the  Federal  agencies  and  the  affecced  States  and  municipal- 
ities . 


16.  To  assure  the  full  range  of  coordination  found  to  be  neces- 
sary, two  important  steps  were  taken.  The  first  was  the  establishment 
of  the  Delaware  Basin  Survey  Coordinating  Committee  composed  of  repre- 
sentatives of  the  Federal  agencies  and  major  non-Federal  entities 
participating  in  the  planning.  The  second  was  the  making  of  specific 
assignments  for  accomplishment  of  studies  and  preparation  of  the  report 
The  Coordinating  Committee,  of  which  the  District  Engineer,  U.  S.  Army 
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Engineer  District,  Philadelphia,  acted  as  permanent  chairman,  convened 
at  about  four-month  intervals  to  review  progress  of  the  work  and  to 
coordinate  matters  pertaining  to  the  report.  The  Coordinating  Com- 
mittee was  constituted  as  indicated  below.  The  listing  of  more  than 
one  member  indicates  successive  agency  representation. 


Agency  or  Interest  Represented 
U.  S.  Department  of  the  Army 

U.  S.  Departnent  of  Agriculture 

U.  S.  Department  of  Commerce 

U.  S.  Department  of  Health, 

Education  and  Welfare 

U.  S.  Department  of  the  Interior 

U.  S.  Department  of  Labor 

Federal  Power  Commission 
Commonwealth  of  Pennsylvania 
State  of  Delaware 
State  of  New  Jersey 

State  of  New  York 

City  of  Philadelphia 
City  of  New  York 


Committee  Member 

Col.  Allen  F.  Clark,  Jr. 
Col.  W.  F.  Powers 
Lt.  Col.  F.  A.  Gerig,  Jr. 
Col.  T.  H.  Setliffe 

Fred  H.  Larson 
Alvin  C.  Watson 

S.  L.  Taylor 
August  Schofer 

Sylvan  C.  Martin 


D.  R.  Gascoyne 
Mark  Abe Ison 

John  F.  Foy 

John  H.  Spellman 

Maurice  K.  Goddard 

Richard  A.  Haber 

Joseph  E.  McLean 
Salvatore  A.  Bontempo 

Thorndike  A.  Saville 
Ronald  B.  Peterson 

Samuel  S.  Baxter 

Irving  V.  A.  Huie  (deceased) 
Vincent  G.  Terenzio 
Arthur  C.  Ford 


17.  ASSIGNMENTS . The  overall  planning  and  coordination  of  this 
report  effort  was  achieved  by  the  U.  S.  Army  Engineer  District, 
Philadelphia.  To  fulfill  the  assignment,  the  Corps  of  Engineers  made 
detailed  studies  and  prepared  reports  on  the  history  of  the  investi- 
gation; basic  hydrology;  flood  damages;  needs  for  supplies  of  water; 
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need  for  navigation  improvements;  hydroelectric  power  potentials; 
formation  of  the  plan  of  development;  and  the  costs  and  benefits 
appraisals  for  the  impounding  structures,  the  salt  water  barrier, 
recreation  developments  and  elements  of  the  recommended  plan.  Also, 
the  Corps  collaborated  in  investigation  of  recreation  needs  and  small 
reservoir  potentials.  To  realize  the  full  benefit  of  the  capabilities 
of  the  cooperating  agencies,  the  following  assignments  were  made: 

a.  U . S.  Department  of  Agriculture.  The  Forest  Service, 
Agricultural  Research  Service  and  the  Soil  Conservation  Service  pre- 
pared reports  dealing  with  the  agricultural  resources  of  the  basin, 
supplies  of  water  for  irrigation  and  rural  use,  land  treatment 
measures,  and  watershed  protection  and  management  programs.  The  Soil 
Conservation  Service  collaborated  with  the  Corps  of  Engineers  in  the 
study  of  upstream  reservoir  needs  and  potentials  and,  also,  collaborated 
wilh  the  Geological  Survey,  U.  S.  Department  of  the  Interior,  in  studies 
on  sedimentation  in  the  basin, 

b.  U . S.  Department  of  Commerce.  The  Office  of  Business 
Economics,  in  this  Department,  made  an  economic  base  survey  covering 
population  and  economic  projections.  The  Weather  Bureau  furnished 
certain  meteorological  data.  The  Bureau  of  Public  Roads  reviewed  pro- 
posals for  highway  relocations  and  provided  needed  coordination  with 
existing  highway  programs. 

c . U.  S.  Department  of  Health,  Education  & Welfare.  The 
Public  Health  Service  made  an  inventory  of  municipal  and  industrial 
water  use, a survey  of  present  stream  quality  with  projections  of  future 
quality  under  augmented  flow  conditions,  appraisals  of  quality  of  water 
to  be  impounded  in  proposed  projects,  and  studies  of  insects  of  public 
health  importance  and  their  control. 

d.  U.  S.  Department  of  the  Interior.  The  Geological  Survey 
made  an  inventory  of  ground-water  resources  of  the  basin.  It  also 
collaborated  with  the  U.  S.  Department  of  Agriculture  in  the  study  of 
sedimentation.  The  National  Park  Service,  with  the  assistance  of  the 
four  States  and  of  local  recreation  interests,  prepared  a recreation  plan 
for  the  basin,  and  collaborated  with  the  Corps  of  Engineers  on  studies  of 
recreation  needs.  The  Fish  and  Wildlife  Service  prepared  studies  per- 
taining to  the  fish  and  wildlife  resources  of  the  basin. 

e.  U.  S.  Department  of  Labor.  Although  having  no  specific 
tasks  in  preparation  of  the  report  the  U.  S.  Department  of  Labor  repre- 
sentative was  available  for  consultation  on  labor  costs  and  labor 
problems , 


f.  Federal  Power  Commission.  This  Commission  furnished  the 
studies  of  market  and  value  potentials  for  hydroelectric  power  as  con- 
tained in  its  report  in  appendix  F and  collaborated  with  the  Corps  of 
Engineers  in  other  power  studies  required  for  the  report. 


18.  Non-Federal  agencies,  represented  on  the  Delaware  Basin 
Survey  Coordinating  Committee,  participated  in  the  studies  and  report 
as  follows: 


a.  States . The  four  States  furnished  valuable  information 
and  technical  review  capabilities  throughout  the  investigation  and 
preparation  of  the  report.  The  State  of  Delaware,  in  addition,  set  up 
coordinating  procedures  among  its  state  agencies  and  prepared  a com- 
prehensive report  on  its  land  and  water  resources. 

b.  Municipalities . The  City  of  Philadelphia  and  New  York 
City  supplied  needed  information  and  provided  valuable  technical  review 
of  the  planning  processes. 

19.  Contribution  by  Others.  In  addition  to  the  Federal  and  non- 
Federal  contributions  discussed  above,  acknowledgment  is  made  of  the 
large  number  of  individuals,  organizations  and  public  and  quasi-public 
agencies,  which  contributed  to  this  report.  While  it  would  be  imprac- 
tical to  cite  all  these  contributors,  some  of  those  more  directly  con- 
cerned, are  mentioned  here. 

a.  The  contributions  of  the  Delaware  River  Basin  Advisory 
Committee  and  its  affiliate,  Water  Research  Foundation,  Inc.,  including 
its  report  on  administrative  organization  have  been  substantial.  The 
Interstate  Commission  on  the  Delaware  River  Basin  has  been  particularly 
helpful.  The  Atlantic  States  Marine  Fisheries  Commission,  and  the 
colleges  and  universities  of  the  area,  provided  valued  consultation  and 
advice  on  various  technical  aspects  of  the  planning.  The  Atomic  Energy 
Commission  and  the  U.  S.  Department  of  the  Navy  provided  information 
pertaining  to  their  respective  areas  of  interest. 

b.  Local  utility  companies  contributed  experience  and  tech- 
nical capabilities  in  the  investigations  for  hydroelectric  power 
development  by  participating  in  a Power  Work  Group.  This  group  was 
composed  of  utility  representatives  from  the  Pennsylvania  Power  and 
Light  Company,  Public  Service  Electric  and  Gas  Company,  General  Public 
Utilities  Company,  Philadelphia  Electric  Company,  Orange  and  Rockland 
Utilities  Company,  and  the  New  York  State  Electric  & Gas  Corporation, 
as  well  as  representatives  from  the  Federal  Power  Commission  and  the 

U.  S.  Army  Engineer  District,  Philadelphia.  Data  provided  by  this  Work 
Group  have  been  incorporated  into  the  report  on  hydro-power  potentials 
of  the  basin  (appendix  T) . 

20.  APPENDICES . The  reports  on  the  various  cooperative  efforts 
referred  to  above  are  contained  in  the  following  appendices  to  this 
repor  t : 

Appendix  Title  Author  Agency 
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History  of  Investigation 


U.  S.  Army  Engineer  District, 
Philadelphia,  U.  S.  Depart- 
ment of  the  Army 


r 

"1 
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Title 

Author  Agency 

B 

i 

Economic  Base  Survey 

Office  of  Business  Economics. 
U.  S.  Department  of  Commerce 

C 

Water  Use  and  Stream 
Quality 

Public  Health  Service 
U.  S.  Ifepartment  of  Health, 
Education  & Welfare 

D 

Flood  Damages 

U.  S.  Army  Engineer  District, 
Philadelphia,  Department  of  the 
Army 

E 

Navigation 

U.  S.  Army  Engineer  District, 
Philadelphia,  Department  of  the 
Army 

F 

Power  Markets  and 
Valuation  of  Power 

Federal  Power  Commission 

G 

Water  for  Irrigation 
and  Rural  Use 

U.  S.  Department  of  Agriculture 

H 

Fluvial  Sediment 

Geologic  Survey,  U.S.  Department 
of  the  Interior  and  Soil  Conser- 
vation  Service,  Department  of 
Agriculture 

I 

Recreation  Resources 

National  Park  Service,  U.  S. 
Department  of  the  Interior 

J 

Fish  and  Wildlife 
Resources 

Fish  & Wildlife  Service,  U.  S. 
Department  of  the  Interior 

K 

Use  and  Management  of 
Land  and  Cover  Resources 

U.  S.  Department  of  Agriculture 

L 

Insects  of  Public  Health 
Importance 

Public  Health  Service,  U.  S. 
Department  of  Health,  Education 
and  Welfare 

M 

Hydrology 

U.  S.  Army  Engineer  District, 
Philadelphia,  Department  of  the 
Army 

N 

General  Geology  and 
Ground  Water 

Geologic  Survey,  U,  S.  Department 
of  the  Interior 

0 

I 

1 

kL 

Intrastate  Water 
Resources  Survey, 
State  of  Delaware 

State  of  Delaware 
9 

A 
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P Gross  and  Net  Water 

Needs 


Q Formation  of  the 

Plan  of  Development 

R Water  Control  at  Inter- 

mediate Upstream  Levels 


S Salt  Water  Barrier 


T Hydroelectric  Power 


U Project  Designs  and  Cost 

Estimates 


V Benefits  and  Cost 

Allocations 


W Recreation  Needs  and 

Appraisals 


X Operating  Organization 

21.  HEARINGS. 

District  Engineer, 
first  series  was 
desires  of  various 
in  the  objectives 
this  series  were 
vania;  Port  Jervis, 


Author  _Age  ncy 

U.  S.  Army  Engineer  District, 
Philadelphia,  Department  of 
the  Army 

U.  S.  Army  Engineer  District, 
Philadelphia,  Department 
of  the  Army 

Soil  Conservation  Service, 
Department  of  Agriculture, 
and  U.  S.  Army  Engineer 
District,  Philadelphia, 
Department  of  the  Army 

U.  S.  Army  Engineer  District, 
Philadelphia,  Department  of 
the  Army 

U.  S.  Army  Engineer  District, 
Philadelphia,  Department  of 
the  Army 

U.  S.  Army  Engineer  District, 
Philadelphia,  Department  of 
the  Army 

U.  S.  Army  Engineer  District, 
Philadelphia,  Department  of 
the  Army 

National  Park  Service,  Depart- 
ment of  the  Interior,  and  U.S. 
Army  Engineer  District,  Phila- 
delphia, Department  of  the  Army 

Water  Research  Foundation 
for  the  Delaware  River  Basin. 


Two  series  of  public  hearings  were  held  by  the 
U.  S.  Army  Engineer  District,  Philadelphia.  The 
held  early  in  the  studies  to  secure  the  views  and 
local  interests,  organizations,  and  individuals 
and  outcome  of  this  investigation.  Hearings  in 
held  at  Philadelphia,  and  Stroudsburg,  Pennsyl- 
New  York;  Trenton,  New  Jersey;  and  Wilmington, 


* 


L 


r 


Delaware.  The  second  series  of  public  hearings  was  held  after  the  gen- 
eral plan  of  development  was  firmly  defined,  to  explain  the  plan  and 
its  objective  to  local  interests  and  to  obtain  their  views  of  this 
plan.  Hearings  in  this  second  series  were  held  at  Reading,  Pennsyl- 
vania; Port  Jervis.  New  York;  Phillipsburg , New  Jersey;  and  Wilmington, 
Delaware.  Transcripts  of  all  the  hearings  were  prepared  in  a lim- 
ited number  of  copies  to  accompany  the  submission  of  this  report,  and 
are  on  file  in  the  U S.  Army  Engineer  District,  Philadelphia.  Sum- 
maries of  the  record  of  each  of  the  hearings  are  contained  in  appendix 
A. 


22.  In  addition  to  these  public  hearings  local  interests 
initiated  a number  of  public  meetings  throughout  the  basin.  Repre- 
sentatives of  the  various  participating  agencies  and  organizations 
appeared  at  these  meetings  as  the  study  progressed  and  explained 
various  aspects  of  the  planning  process.  The  general  public  was  also 
invited  to  attend  the  meetings  of  the  Delaware  Basin  Survey  Coordi- 
nating Committee,  where  progress  on  phases  of  the  work  was  reported  and 
technical  aspects  of  the  investigations  were  discussed 


11 


q 

frecedi*# 


CHAPTER  II 

DESCRIPTION  OF  BASIN 

23.  LOCATION  AND  SIZE-  The  Delaware  River  drains  a relatively 
long  and  narrow  area  in  the  northeastern  United  States.  The  area  ex- 
tends approximately  265  miles  southward  from  the  western  slopes  of  the 
Catskill  Mountains  in  New  York  to  the  Atlantic  Ocean  at  the  mouth  of 
Delaware  Bay,  between  Cape  May  in  New  Jersey  and  Cape  Henlopen  in  Dela- 
ware. The  basin  width  varies  from  40  miles  to  80  miles.  The  center  of 
the  basin  lies  on  approximately  the  same  latitude  as  New  York  City  and 
is  about  80  miles  west  thereof.  The  basin  boundary,  above  its  southern- 
most extremity  at  the  mouth  of  Delaware  Bay,  encompasses  2,362  square 
miles  in  southeastern  New  York,. 6,422  square  miles  in  eastern  Pennsyl- 
vania, 2,969  square  miles  in  western  New  Jersey,  1.004  square  miles  in 
Delaware,  8 square  miles  in  the  northeastern  corner  of  Maryland  and  782 
square  miles  of  water  surface  in  Delaware  Bay  The  total  area  of  the 
basin,  exclusive  of  Delaware  Bay,  is  12,765  square  miles.  A map  of  the 
basin  is  shown  on  plate  1,  bound  at  the  end  of  the  text. 

24.  NATURAL  CHARACTERISTICS.  The  basin  lies  across  five  of  the 

major  physiographic  provinces  of  eastern  United  States.  These  provinces, 
discussed  in  detail  in  appendix  N,  are:  (a)  the  Catskill  Mountains  and 

southern  New  York  section  of  the  Appalachian  Plateaus  Province;  (b)  the 
Great  Valley  and  the  valleys  and  ridges  north  of  Blue  Mountain  of  the 
Valley  and  Ridge  Province;  (c)  the  Reading  prong  of  the  New  England 
Province;  (d)  the  Piedmont  Upland  and  Piedmont  Lowland  sections  of  the 
Piedmont  Province  and  (e)  the  Coastal  Plain  Province.  The  natural 
characteristics  of  the  basin  including  geology,  soils,  vegetation,  ground 
water,  regimen  of  streams  and  runoff  lend  themselves  to  three  general 
physiographic  definitions,  namely,  the  Upper  Region,  the  Central  Region 
and  the  Lower  Region. 

25.  Upper  Region.  The  approximate  upper  one-third  of  the  Delaware 
River  Basin  extends  southward  to  the  Valley  and  Ridge  physiographic 
province  at  Stroudsburg,  Pennsylvania.  It  includes  the  southern  Catskill 
Mountains  in  New  York  and  the  Pocono  Mountains  in  Pennsylvania,  and  is 

a rugged  highland  of  great  natural  beauty.  Geologically,  it  is  part  of 
that  area  above  Trenton,  New  Jersey  termed  the  "hard-rock  area".  Here, 
as  contrasted  with  the  "soft  rock"  area  below  the  Fall  Line,  bedrock  is 
resistant  to  erosion. 

26.  The  Catskill  and  Pocono  Mountains,  the  dominating  physiographic 
features  of  this  region,  differ  chiefly  in  altitude  and  relief  Slide 
Mountain  on  the  eastern  border  of  the  basin,  in  the  Catskills,  reaches 

an  elevation  of  4,200  feet,  while  few  summits  exceed  2,000  feet  it.  the 
Poconos.  The  region  exhibits  the  characteristics  of  a plateau  of  flat- 
lying  rocks  that  have  been  carved  deeply  by  the  tributaries  of  the  Del- 
aware River.  All  but  the  southwestern  corner  of  the  area  has  been 
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glaciated  and  the  narrow  valleys  and  several  scenic  gorges  are  rilled 
with  deep  deposits  of  glacial  debris.  Ground  water  occurs  in  both  the 
consolidated  rocks  and  in  the  unconsolidated  glacial  deposits  and  re- 
cent sediments.  The  latter  have  the  most  productive  wells,  but  the 
greatest  amount  of  water  is  available  in  the  consolidated  rocks  due  to 
their  extent. 

27.  The  Upper  Region  is  largely  forested,  and  is  included  in  the 
northern  hardwood  section  as  defined  in  appendix  K,  North  of  a line 
extending  east  and  west  at  the  latitude  of  Stroudsburg,  Pennsylvania, 
the  forest  stands  are  good  and  the  productive  potential  is  high.  About 
45  percent  of  this  area  is  covered  with  the  beach,  birch  and  maple 
species.  These  represent  the  most  valuable  timber  types  of  the  basin  and 
are  potentially  the  most  productive.  The  remainder  of  the  region  is 
covered  with  mixed  hardwood  species,  soft  woods  and  oak-hickory  stands. 

These  have  somewhat  lower  potential  productiveness.  Included  also  in 

the  upper  Region  is  the  anthracite  forest  section,  which  lies  south 
of  the  above  described  area  and  north  of  Blue  Mountain.  Nearly  three- 
quarters  of  this  area  is  forested,  the  pricipal  timber  types  being 
oak-hickory,  with  a small  mixture  of  softwoods,  and  mixed  hardwood-soft- 
wood  types.  About  one-fifth  of  the  area  is  in  scrub  oak  and  aspen-grey 
birch  types . 

28.  Central  Region.  The  Central  Region  is  geologically  within  the 
"hard-rock"  area  discussed  above.  Rock  formations  are  old,  ranging  in 
age  from  150  million  years  to  perhaps  a billion  years  and  have  been 
folded,  faulted,  thrust  up  into  high  mountains  then  worn  down  into  low- 
lands, and  encroached  upon  by  ancient  seas.  This  process  has  been  re- 
peated again  and  again.  The  rocks  are  the  most  varied  in  the  basin  and 
include  igneous,  sedimentary  and  metamorphic  types.  Only  the  northeastern 
portion  of  the  area  has  been  glaciated.  The  region  is  most  clearly  marked 
at  its  lower  boundary  by  the  Fall  Line,  where  there  is  a conspicuous  drop 
of  about  250  to  350  feet  in  elevation  to  the  Atlantic  Coastal  Plain.  The 
Fall  Line  is  distinctly  marked  by  a prominent  line  of  wooded  hills.  It 
forms  an  irregular  stream-notched,  south-facing  escarpment  between  the 
undulating  plateau  and  the  Coastal  Plain.  The  upper  limits  of  the  Central 
Region  are  less  distinctly  defined,  depending  upon  the  particular  feature 
under  consideration;  however,  this  limit  may  be  considered  as  the  Valley 
and  Ridge  physiographic  province.  There  it  is  characterized  by  a series 
of  high  parallel  ridges,  separated  by  narrow  valleys  which  are  orientated 
in  a general  northeast-southwest  direction.  These  change  to  rolling  hills 
and  irregular  ridges  in  the  Piedmont  Province  and  finally  to  the  more 
gently  undulating  terrain  and  broad  valleys  in  the  lower  portion  of  the 
area.  Important  physiographic  features  include  the  Blue  Mountain-Kittatinny 
Mountain  ridge;  the  Great  Valley,  which  is  about  8 to  20  miles  in  width 

and  extends  northeast-southwest  across  the  basin;  and  the  Reading  Prong, 
a moderately  rugged  southwest  extension  of  the  New  England  physiographic 
province.  The  Reading  Prong  rises  500  to  1,000  feet  above  the  valleys  and 
crosses  the  width  of  the  basin  at  the  lower  edge  of  the  Great  Valley. 
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Ground-water  supplies  in  the  Central  Region  vary  locally  depending  on  the 
geology.  Some  limestone  and  sandstone  areas  produce  fair  to  large  yields 
to  wells  and  are  the  best  sources  of  ground  water  in  the  area.  The 
Central  Region  contains  some  of  the  rich  soils  of  the  country  and  supports 
an  important  agriculture  in  such  counties  as  Lehigh,  Chester,  Berks  and 
Bucks  in  Pennsylvania.  These  soils  and  their  use  and  productiveness  are 
treated  in  detail  in  appendix  K.  to  this  report.  Approximately  35  percent 
of  the  Central  Region  is  in  woodland  and  mainly  in  small  wood  lots.  The 
forest  type  is  principally  oak  but  a considerable  acreage  of  eastern 
cedar  has  come  in  on  abandoned  pasture  lands 

29.  Lower  Region.  The  Lower  Region  extends  southeastward  from  the 
Fall  Line  to  the  Capes  of  Delaware  Bay.  Geologically  this  area  of 
"soft-rocks"  is  much  younger  and  of  simpler  structure  than  the  "hard-rock" 
area.  The  beds  of  unconsolidated  to  semi-consolidated  clay,  silt,  sand 
and  gravel  of  the  Coastal  Plain  lie  one  upon  another.  They  overlap  to 
form  a great  wedge  that  thickens  from  almost  nothing  at  the  Fall  Line  to 
more  than  6,000  feet  at  the  Capes.  Very  large  quantities  of  fresh  water 
are  contained  in  these  sediments  which  are  the  greatest  source  of  ground 
water  in  the  basin.  Beneath  this  thick  wedge  of  soft  rock  is  the  "hard- 
rock"  floor  that  is  composed  of  the  same  type  of  rocks  as  those  exposed 
above  the  Fall  Line.  Physiographically  the  Lower  Region  is  the  emerged 
part  of  the  Coastal  Plain,  a gently  sloping  surface  that  extends  125 

to  175  miles  southeasterly  from  the  Fall  Line  to  the  edge  of  the  Con- 
tinental Shelf.  The  sea  inundates  the  outer  part  of  the  Plain  and  drowns 
the  lower  reaches  of  the  streams,  thus  forming  bays,  estuaries  and  tidal 
marshes . 

30.  The  Delaware  Bay  and  estuary,  the  most  important  natural  fea- 
ture of  the  Lower  Region,  have  been  formed  by  a continuing  sea-level  rise, 
amounting  to  about  150  feet  in  the  last  10,000  years.  Soils  of  the 
Coastal  Plain  are  divided  into  two  types.  Those  nearest  the  Fall  Line 
are  generally  more  fertile  and  productive  than  those  of  the  seaward  area. 
The  latter,  because  of  their  sandier  composition,  can  retain  less  soil 
moisture.  Production  of  farm  produce  is  important  in  the  use  of  Coastal 
Plain  soils. 

31.  About  one-third  of  the  Lower  Region  is  wooded,  particularly  in 
those  areas  where  the  soils  are  too  wet  or  too  dry  for  farming.  About 
one-half  is  in  softwood  types  (pitch,  Virginia,  shortleaf  and  loblolly 
pines)  and  mixed  pine  and  ash.  The  remaining  part  is  primarily  in  oak 
with  pine  and  pine-oak  mixtures  found  in  the  southern  part 

32.  RIVER  AND  TRIBUTARIES ■ Originating  at  small  springs  and  seeps 
on  the  western  slopes  of  the  Catskill  Mountains  in  New  York  at  altitudes 
of  about  2,500  to  3,000  feet,  the  West  Branch  Delaware  River  and  East 
Branch  Delaware  River,  flow  southwesterly  to  form  the  main  stem  of  Dela- 
ware River  at  Hancock,  New  York.  From  this  point  southeastward  to  Port 
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Jervis,  New  York,  the  river  forms  the  boundary  between  Pennsylvania  and 
New  York,  crossing  the  nearly  flat,  glacially  scoured  rocks  of  the 
Appalachian  plateaus,  and  emerging  into  the  Valley  and  Ridge  Province 
at  an  elevation  of  about  420  feet  Between  Hancock  and  Port  Jervis, 
the  Delaware  is  joined  by  the  Lackawaxen  and  Mongaup  Rivers.  At  Port 
Jervis  the  Delaware  turns  abruptly  to  the  southwest  to  be  joined  by  the 
Neversink  River  and  to  flow  in  a narrow  valley  between  the  Shawangunk 
Mountains  on  the  east  and  the  abrupt  escarpment  of  the  Appalachian 
Plateau  on  the  west.  This  stretch  of  the  river  forms  a portion  of  the 
boundary  between  New  Jersey  and  Pennsylvania. 

33.  At  Stroudsburg,  Pennsylvania,  the  river  turns  sharply  to 
the  southeast  and  cuts  through  the  Blue  Mountain -Kittatinny  Mountain 
ridge  at  Delaware  Water  Gap.  Above  the  Gap  it  is  joined  by  such  tri- 
butaries as  Bush  Kill  and  Brodhead  Creek  on  the  Pennsylvania  side, 
and  Flat  Brook  on  the  New  Jersey  side.  Between  Delaware  Water  Gap 
and  Trenton  the  river  also  forms  a portion  of  the  boundary  between 

New  Jersey  and  Pennsylvania.  Lehigh  River  enters  the  Delaware  from  the 
west  at  Easton,  Pennsylvania.  The  drainage  from  the  east  is  collected 
by  such  streams  in  New  Jersey  as  Paulins  Kill,  Beaver  Brook  and  Pequest 
and  Musconetcong  Rivers. 

34.  The  character  of  the  river  changes  at  Trenton,  New  Jersey 
where  the  river  flows  over  a series  of  rock  ledges  at  the  Fall  Line 
and  enters  the  tidal  estuary.  At  Trenton  the  river  leaves  the  "hard 
rock"  part  of  the  basin,  turns  southwestward  along  the  Fall  Line  and 
follows  the  contact  between  hard  and  soft  rocks  downstream  to  Wilmington, 
Delaware.  In  this  reach,  the  Delaware  River  is  joined  by  the  Schuylkill 
River  from  the  west  at  Philadelphia  and  by  the  Christina  River  at  Wil- 
mington, Delaware.  At  the  latter  point  the  river  turns  seaward  and  flows 
entirely  on  Coastal  Plain  sediments  to  Liston  Point  where  it  enters  Del- 
aware Bay  and  finally  reaches  the  ocean  between  Capes  May  and  Henlopen. 
Important  tributaries  not  mentioned  above  are  included  in  table  II-l, 
which  also  includes  the  principal  drainage  areas  of  the  Delaware  River 
system  Detailed  discussions  of  the  physical  characteristics  of  the 
basin  are  contained  in  appendix  N. 

35.  CLIMATE ■ The  Delaware  River  Basin  is  in  the  temperate  zone 
and  its  climate  is  of  continental  origin  or  type.  The  climate  along 
the  coast  and  around  Delaware  Bay  is  somewhat  modified  by  the  effects 
of  the  sea.  Air  masses  which  influence  the  weather  in  this  area  move 
for  the  most  part  from  the  interior  of  North  America  and  are  modified 
by  the  influences  of  the  Great  Lakes  and  Appalachian  Mountains.  Heavy 
snows  are  not  uncommon  in  the  Upper  Region  of  the  basin,  while  the  Lower 
Region  receives  little  or  no  snow.  Hot,  humid  weather  is  frequent  in 
summer  but  hot  dry  weather  may  cause  an  occasional  drought. 
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TABLE  II -1 


DELAWARE  RIVER  BASIN 

PRINCIPAL  TRIBUTARIES  AND  THEIR  DRAINAGE  AREAS 


Tributary 

Drainage 
Area  (a) 

Tributary 

Drainage 
Area  (a) 

(sq .mi . ) 

(sq .mi . ) 

W.  Br . Delaware  R. 

664 . 

Crosswicks  Creek 

139. 

E.  Br . Delaware  R. 

840 

Neshaminy  Creek 

233. 

Beaver  Kill 

298. 

Rancocas  Creek 

342. 

Willowemoc  Creek 

130. 

Schuylkill  River 

1,909. 

Callicoon  Creek 

112. 

Little  Schuylkill 

R.  137. 

Lackawaxen  River 

601. 

Maiden  Creek 

1 i 6 . 

Wallenpaupack  Creek 

240. 

Tulpehocken  Creek 

218. 

Shohola  Creek 

84.1 

French  Creek 

71. 

Mongaup  River 

208. 

Perkiomen  Creek 

362. 

Neversink  River 

346. 

Skippack  Creek 

55.2 

Bush  Kill 

156. 

Wissahickon  Creek 

63.8 

(Pike -Monroe  Co.) 

Christina  River 

568. 

Flat  Brook 

65.7 

White  Clay  Creek 

162. 

Brodhead  Creek 

287. 

W . Br . Brandywine  Cr 

131. 

McMichaels  Creek 

111. 

| (head  of  Brandywine  Cr . ) 

Paulins  Kill 

177. 

Brandywine  Creek 

329. 

Pequest  River 

158. 

E . Br . Brandywine 

Cr.  123. 

Lehigh  River 

1,364. 

Salem  Creek 

112. 

Pohopoco  Creek 

111. 

Aquashicola  Creek 

79.4 

Delaware  Bay  tributaries 

Little  Lehigh  Creek 

188. 

Cohansey  River 

106. 

Jordan  Creek 

81. 

Maurice  River 

388.  ' 

Musconetcong  River 

158 

Mispillion  River 

126. 

Tohickon  Creek 

112. 

Delaware  River  Basin 

5 

including  the  area 

draining  into  Delaware 

Bay  (b) 

12,765. 

(a)  Data  shown  were  taken  from  Geological  Survey  Circular  190, 
published  by  U.  S.  Geological  Survey  in  1952. 

(b)  The  water  surface  area  of  Delaware  Bay,  containing  about 
782  square  miles,  has  been  excluded  from  this  total. 
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36.  Comparative  data  on  temperatures,  rainfall,  snowfall  and 
runoff  for  the  Upper,  Central  and  Lower  Regions  are  given  in  table 
II-2 . 


TABLE  II -2 


CLIMATOLOGICAL  DATA 


TEMPERATURE 

(in  degrees  Fahrenheit) 


Mean  Annual 
Mean  Monthly-January 
June 


RAINFALL  (in  inches) 


Mean  Annual 


SNOWFALL  (inches  of 
accumulated  depth) 


Mean  Annual 


RUNOFF  (average  in 
inches  on  area) 


During  growing  season 
(May  thru  Sept.) 

Mean  Annual 


Upper 

Central 

Region 

Region 

47. 

50. 

22.8  1/ 

32.0  2/ 

67.9  1/ 

74.6  2/ 

60.  to  42.  4/ 

50.  to  42.  5/ 

60. 

25. 

13.  to  6.  4/ 

10.  to  4.  5/ 

42.  to  20.  4/ 

29.  to  15.5/ 

Lower 

Region 


55. 

33.3  3/ 
75.9  3/ 


At  Lehigh  University,  Bethlehem,  Pennsylvania. 

At  Wilmington,  Delaware 

In  Catskill  Mountains  and  areas  of  lesser  elevation,  respectively. 

In  upper  reaches  of  Little  Schuylkill  R.  and  lower  reaches  of  Lehigh 
R . , respective ly . 

In  northeastern  and  southwestern  section  of  region,  respectively. 


7/  Along  Fall  Line  and  in  areas  adjacent  to  Delaware  Bay,  respectively. 
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CHAPTER  III 


ECONOMIC  DEVELOPMENT 

37.  GEOGRAPHIC  AREA  OF  INTEREST.  The  water  resources  with 
which  this  investigation  is  concerned  are  those  within  the  geo- 
graphic boundaries  of  the  Delaware  River  Basin.  However,  it  must 
be  recognized  that  the  service  or  market  area  for  such  products  of 
these  resources  as  domestic  and  industrial  water  supplies  and  hy- 
droelectric power  is  limited  only  by  the  practical  aspects  of  the 
distribution  systems.  Also,  for  recreation  and  other  products  that 
may  be  used  by  mobile  ultimate  consumers,  that  come  to  the  point  of 
production,  the  market  may  extend  far  beyond  the  basin's  boundaries. 
The  area  of  use  for  the  water  resources  of  the  Delaware  River  Basin 
was  defined,  to  a large  extent,  by  the  present  usage  of  the  basin's 
water  including  authorized  diversions  from  the  basin  These  con- 
siderations required  that  the  standard  and  expanded  New  York  City 
metropolitan  areas  be  included  in  the  water  service  area.  Also, 
those  portions  of  New  Jersey  and  Delaware  that  are  outside  the  basin 
boundaries  were  included  in  the  water  service  area  because  of  their 
apparent  eventual  dependency  on  the  basin  as  a source  of  fresh  sur- 
face water.  The  water  service  area,  thus  defined,  includes  about 
25,000  square  miles  comprising  53  counties  located  in  Delaware, 
Pennsylvania,  New  Jersey,  New  York  and  Connecticut.  These  counties 
are  grouped  into  eight  subregions,  the  location  and  extent  of  which 
are  shown  on  plate  2,  with  the  following  designations: 

A-  New  York  City  Metropolitan  Area 

B-  New  York  City  Metropolitan  Area  Supplement 

C-  Bethlehem-Al lentown-Reading  Metrqpolitan  Area 

D-  Trenton  Metropolitan  Area 

E-  Philadelphia  Metropolitan  Area 

F-  Wilmington  Metropolitan  Area 

G-  Upper  Basin  Area 

H-  Southern  Basin  and  Coastal  Area 

38.  The  water  resources  of  the  Delaware  River  Basin  are  funda- 
mental to  the  economic  and  social  well-being  of  over  21  million 
people  who  live  within  the  water  service  area  as  defined  above. 
Surface  and  groundwater  resources  of  the  basin  furnish  about  3.5 
billion  gallons  of  water  each  day  for  use  in  homes,  offices,  fac- 
tories, farms,  and  other  institutions.  The  surface  waters  provide 

a living  for  the  crabbers,  oystermen  and  fishermen  who  harvest  the 
natural  crops  of  the  lower  bay  and  marshlands.  The  waters  of  the 
basin  support  the  transportation  of  about  100  million  tons  of  goods 
annually  intd  and  out  of  the  ports  of  the  Delaware  River  and  Bay, 
and  provide  outdoor  recreation  from  the  headwaters  in  the  Catskill 
Mountains  to  the  Capes. 
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PLATE  II  DELAWARE  RIVER  WATER  SERVICE  AREA  - COUNTY  GROUPINGS 
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39.  Lacl  of  conttol  over  these  waters  resulted  in  over  100  million 
dollars  of  damages  to  the  homes,  farms,  factories  and  communities  on  the 
ilood  plains  and  t.he  loss  of  99  lives  during  the  floods  produced  by 
Hurricane  Diane  in  August  1955  Unregulated  flows  which  permit  excess 
waters  to  go  unused  to  the  sea  have  resulted  in  serious  local  water 
shortages  as  during  the  brief  but  intense  drought  of  195?.  The  effi- 
ciency of  the  river  and  its  tributaries  to  dispose  of  and  assimi late 
the  waste  products  of  the  growing  municipal  and  industrial  communities 
is  being  seriously  over- taxed  in  some  areas 


40.  POPULATION.  The  population  of  the  service  area  in  1956  was 
21,877,000.  about  13  percent  of  the  total  continental  United  States 
population  of  167,259  000.  Comparing  the  historical  growth  rate  of 
population  for  the  service  area  to  the  national  rate,  it  is  noted  that 
prior  to  1900  population  of  this  region  grew  an  average  annual  rate  of 
two  percent  per  year,  a rate  equal  to  the  national  growth  Between  1900 
and  1930  while  the  United  States  rate  fell  off  to  1.6  percent  per  year 
the  service  area's  population  continued  to  expand  to  an  average  annual 
rate  of  2.2  percent  During  the  period  from  1930  to  1956  the  area's 
population  growth  rate  fell  to  about  1.1  percent  per  year  compared  to  a 
national  rate  of  1 2 percent  during  this  span.  This  tapering  off  of 
population  growth  relative  to  the  national  rate  in  recent  years  reflects 
to  a great  extent  the  major  population  expansion  experienced  in  the  west 
Historical  data  on  population  of  the  United  States  and  Delaware  River 
Water  Service  Area  are  shown  in  table  III-l 


TABLE  III-l 


DELAWARE  RIVER  WATER  SERVICE  AREA 
POPULATION  GROWTH  RELATIVE  TO  THE  UNITED  STATES 


Year 

Population 

(Thousands) 

Average  Annual  % 
Growth  per  Period 

DRSA  as  7« 
of  U. S Total 

Continental  U. S . 

DRSA 

Continental  U 

S. 

DRSA 

1870 

39  818 

4 498 

11.30 

1080 

50  156 

5 495 

? . 34 

2 03 

10.96 

1390 

62.948 

0 852 

2 30 

2.22 

10.89 

1900 

■5  995 

8 737 

1.90 

2 . 46 

11.50 

1910 

91,972 

11.424 

1.92 

2 . 72 

12  42 

1920 

105.711 

13.555 

1 40 

1 .73 

12.82 

1930 

122.775 

16  705 

1.50 

2.11 

13.61 

1940 

131,669 

17 , 715 

70 

58 

13.45 

1950 

150.697 

19.811 

1 . 36 

1 . 12 

13.15 

1955 

164,303 

21,589 

1 74 

1.73 

13.14 

1956 

167  259 

21.877 

1.80 

1 33 

13  08 

41.  Population  growth  since  1930  within  five  of  the  eight  economic 
subregions  ranging  in  average  from  0.8  to  14  percent  per  year,  generally 

I 
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is  similar  to  population  expansion  for  the  service  area  and  the  nation 
as  a whole.  Notable  increases  have  been  recorded  in  the  New  York  City 
Metropolitan  Supplement  Area  and  the  Wilmington  Metropolitan  Area  which 
have,  over  the  past  25  years,  shown  annual  growth  rates  of  1.8  and  2.1 
percent,  respectively.  The  Upper  Basin  subregion's  approximate  popu- 
lation stability  since  1930  reveals  that  population  migration  from 
this  area  offset  any  natural  increase  that  occurred.  Historical  data 
on  population  and  growth  rates  for  the  service  area  subregions  are 
shown  in  table  III-2. 


TABLE  III-2 


DELAWARE  RIVER  WATER  SERVICE  AREA 
POPULATION  BY  SUBREGIONS,  1930-1955 
(Thousands) 


Area 

1930 

1940 

1950 

1955 

Average 
Annua  1 % 
Growth  for 
Period 
1930-1955 

Continental  U.  S. 

122,775 

131,669 

150,697 

164,303 

1.2 

Delaware  River 

Water  Service  Area 

16,705 

17,715 

19,811 

21,589 

1 . 1 

New  York  City  Met. 

10,859 

11,661 

12,912 

13,851 

1.0 

New  York  City  Suppl 

783 

857 

1,039 

1,221 

1.8 

Bethlehem-Al lentown 

- 

Reading 

658 

675 

736 

798 

0.8 

Trenton  Met. 

137 

197 

230 

250 

1.3 

Philadelphia  Met. 

3,137 

3,200 

3,671 

4,121 

1.1 

Wilmington  Met. 

198 

222 

2 68 

329 

2 . 1 

Upper  Basin 

547 

553 

541 

551 

Less 

than  0. 1 

S. Basin  & Coastal 

335 

351 

414 

469 

1.4 

By  1955  the  two  New 

York  City 

Areas  accounted  for 

about  70 

percent  of 

the  total  regional 

population 

while  the 

Philadelph 

ia  Metropolitan  Area 

accounted  for  19  percent  of  the  total,  leaving  only  11  percent  of  the 

service  area  population  distributed  to  the  remaining  five  subregions. 

The  geographic  distribution  of  the  1955 

population 

by  subre 

gions  is 

shown  graphically  on  plate  3. 

The  geographic  distribution 

of  popula- 

tion  is  closely  reflected  in  the  distribution  of  households 

as  s hown 

on  plate  4. 
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DISTRIBUTION  OF  1955 
HOUSEHOLDS  BY  SUBREGIONS 


42.  EMP LOYMENT  Total  industrial  employment  lot  the  uif 

| service  area  in  1955  was  9,073,000,  or  about  14  percent  ",  be 

total  national  employment,  excluding  armed  forces  oversea.,,  oi 
65,250,000.  The  employment  growth  pattern  for  the  area  since  I 00, 
as  compared  to  the  national  growth  pattern,  exhibits  a similar' 
to  the  comparison  of  Delaware  River  Water  Service  Area  population 
growth  to  the  United  States  population  expansion.  Between  1900  and 
1930  total  industrial  employment  in  the  region  increased  almost  100 
percent , while  that  for  the  United  States  increased  only  67  perce.  i . 
From  1930  to  1955  service  area  employment  rose  24  percent  compared 
to  the  overall  national  increase  of  34  percent.  The  percent  indue 
differential,  noted  in  the  above  comparisons,  generally  indicated 
that  the  major  share  of  industrialization  in  the  service  area  oc- 
curred during  the  first  quarter  of  the  century.  The  lower  rate  of 
industrial  employment  expansion  since  1930,  relative  to  the  nation, 
reflects  the  rapid  industrialization  of  newer  and  less  developed 
areas  outside  of  this  region 


43.  Comparison  of  industrial  employment  growth  of  service  area 
with  that  of  the  nation  for  selected  industry  groups  over  the  pasi 
25  years,  shows  that  industrial  growth  was  quite  general  among  all 
major  industries.  Historical  data  on  employment  in  major  industry 
groups  for  the  United  States  and  the  service  area  are  shown  in 
table  III-3  The  32  percent  increase  in  total  manufacturing  em- 
ployment for  the  service  area  since  1930  exceeds  any  other  increase 
registered  for  the  other  Industrial  groups.  Of  singular  signifi- 
cance has  been  the  expansion  of  employment  in  four  major  water  using 
manufacturing  industries,  namely,  food,  chemicals,  primary  metals  and 
paper  Between  1930  and  1955  combined  employment  in  these  indus- 
tries rose  85  percent  as  compared  to  an  increase  of  76  percent  in 
these  industries  for  the  nation.  Employment,  in  these  selected  man- 
ufacturing industries  is  shown  in  table  III-4  and  the  geographic 
distribution  for  1955  is  shown  by  subregions  on  plate  5.  The  em- 
ployment in  the  petroleum  industry,  a major  water-user,  together 
with  the  total  employment  in  the  four  manufacturing  industries 
enumerated  above,  constituted  24  percent  of  the  total  manufactur- 
ing employment  in  the  service  area  for  1955. 
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TABLE  I I I- 3 

UNITED  STATES  AND  DELAWARE  RIVER  WATER  SERVICE  AREA 
EMPLOYMENT  IN  MAJOR  INDUSTRY  GROUPS 
1900,  1930  and  1955 
(Millions) 


Emp loymen  t 
1900  1930 

1930 
as  % of 
1900 

Emp  1 oy- 
ment 
1955 

1955 
as  % of 
1930 

UNITED 

STATES 

All  Industries,  Total 

29.29 

48.83 

166.7 

65.25 

133. G 

All  Commodity 

Producing  Industries 

17.63 

26.42 

149  9 

29.17 

110.4 

All  Noncommodity 

Producing  Industries 

11.66 

22.41 

192.2 

36.08 

161.0 

All  Industries,  except 

Agriculture,  Forestry, 

and  Fishing 

18.77 

38.03 

202.8 

58.39 

153.3 

Commodity  Producing 

7.11 

15.67 

220.3 

22.31 

142.4 

Noncommodity  Producing 

11.66 

22.41 

192.2 

36.08 

161.0 

Manufacturing  Industry 

11.50 

17.12 

143.9 

DELAWARE 

RIVER  WATER  SERVICE  AREA 

All  Industries,  Total 

3.71 

7.31 

196.8 

9.07 

124.1 

All  Commodity 

Producing  Industries 

1.65 

3.09 

187.1 

3.64 

117.8 

All  Noncommodity 

Producing  Industries 

2.07 

4.22 

204.5 

5.43 

123.7 

All  Industries,  except 

Agriculture,  Forestry 

and  Fishing 

3.46 

7.10 

205.2 

3.92 

125.6 

Commodity  Producing 

1.40 

2.88 

206.0 

3.50 

121.5 

Noncommodi ty  Producing 

2.07 

4.22 

2U4.5 

5.43 

128.7 

Manufacturing  Industry 

- 

2.20 

- 

2.91 

132.3 

TABLE  III-4 


UNITED  STATES  AND  DELAWARE  RIVER  WATER  SERVICE  AREA 
EMPLOYMENT  IN  SELECTED  MANUFACTURING  INDUSTRIES 
1930  and  1955 

(Thousands) 

1955  as  % 

1930 1955  of  1930 


UNITED  STATES 


Manufacturing  Total 

11,498 

17,121 

148.9 

Food  and  kindred  products 

907 

1,531 

168.8 

Chemicals  and  allied  products 

621 

804 

129.4 

Primary  metals 

627 

1,329 

212.0 

Paper  and  allied  products 

243 

554 

228.0 

Four- Industry  Total 

2 , 398 

4,218 

175.9 

DELAWARE  RIVER  WATER  SERVICE  AREA 


Manufacturing  Total 

2,197 

2,907 

132.3 

Food  and  kindred  products 

135 

215 

159.2 

Chemicals  and  allied  products 

102 

190 

186.3 

Primary  metals 

67 

146 

217  9 

Paper  and  allied  products 

38 

80 

210.5 

Four- Industry  Total 

342 

631 

184.5 

44.  Industrial  employment  between  1930  and  1955  increased 
most  rapidly  in  the  Wilmington  Metropolitan  Area  where  an  increase 
of  62  percent  occurred.  The  increase  was  least  in  the  Upper  Basin 
subregion,  where  it  was  only  six  percent.  A check  on  the  indus- 
trial pattern  in  the  entire  Delaware  River  Water  Service  Area  re- 
veals that  almost  60  percent  of  all  employees  were  engaged  in 
service- type , or  noncommodity  producing  industries;  about  39  per- 
cent in  non-agricul tural  commodity  producing  industries;  and  less 
than  two  percent  in  agricultural  industries,  including  those  em- 
ployed in  forestry  and  fishing.  Data  on  the  regional  employment 
pattern  for  the  service  area  are  shown  in  table  III-5. 
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DISTRIBUTION  OF  1955  EMPLOYMENT  BY 
MANUFACTURERS  BY  SUBREGIONS 


PLATE  5 
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II 

Southern  Basin  and 

Coastal  17.1  10.9  17.1  20.2  11.5  11.9  54.}  57.0  100 


45.  NATURAL  RESOURCES.  The  early  economic  history  of  the 
Delaware  Basin  shows  that  exploitation  of  the  region's  natural  re- 
sources played  a major  role  in  its  manufacturing  and  commercial 
growth.  The  lands  along  the  Delaware  River  were  farmed  as  early 
as  1660  by  the  Swedes  who  produced  cereals,  vegetables  and  fruits. 
The  Delaware  River,  along  with  the  Hudson  and  Connecticut  Rivers, 
formed  the  natural  highways  for  the  early  settlers.  White  pine, 
fir,  and  oak  timber,  as  well  as  pitch  pine  for  tar  and  turpentine, 
gave  rise  to  the  development  of  shipbuilding  second  only  to  New 
England.  Manufacturing  began  in  the  weaving  shops  in  such  towns 
as  Philadelphia  following  the  Revolution  Iron  production  was 
greatly  expanded  to  meet  the  needs  of  the  growing  post-revolution 
population.  Major  deposits  of  bog  iron  from  New  Jersey's  southern 
coastal  plain  provided  raw  material  for  the  many  forges  in  opera- 
tion during  these  early  years.  In  the  early  1800' s the  use  of 
anthracite,  found  in  the  Lehigh  Valley  and  the  Schuylkill  Valley, 
greatly  increased  the  production  of  iron,  but  suitable  means  were 
lacking  to  transport  the  coal  from  northeastern  Penneylvania  to 
the  iron  mills.  This  problem  was  resolved  by  the  construction  of 
a number  of  canals  during  that  period.  The  principal  canals  con- 
structed were  the  Delaware  and  Hudson  Canal,  from  Honesdale, 
Pennsylvania  to  the  Delaware  and  Hudson  Rivers;  the  Lehigh  Canal, 
from  White  Haven  and  Jim  Thorpe  (formerly  Mauch  Chunk)  to  the 
Delaware  River  at  Easton,  Pennsylvania;  the  Delaware  Division 
Canal  from  Easton  to  Bristol,  Pennsylvania;  the  Schuylkill  Canal 
from  Port  Clinton,  Pennsylvania  to  Philadelphia;  the  Morris  Canal 
from  the  Delaware  River  near  Phil lipsburg.  New  Jersey  to  Jersey 
City;  and  the  Delaware  and  Raritan  Canal  from  Bordentown,  New 
Jersey,  to  the  Raritan  River.  By  1325  coal  had  replaced  wood  as 
fuel  in  a large  number  of  homes  in  both  Philadelphia  and  New  York. 
During  this  period  western  agriculture  began  to  compete  favorably 
with  that  of  the  east,  and  the  movement  of  rural  populations  to 
urban  centers  in  the  Delaware  Basin  area  accentuated  the  growing 
importance  of  its  manufacturing  and  trade.  Development  of  water 
power  for  mills  in  this  area  contributed  significantly  to  its 
industrial  growth.  Water  power,  however,  soon  gave  way  to  steam 
power,  and  more  and  more  factories  sprang  up  in  the  larger  cities. 
Steam  pumps  were  used  as  early  as  1799  to  raise  water  from  the 
Schuylkill  River  to  a reservoir  to  provide  portions  of  Philadel- 
phia with  one  of  the  nation's  first  water  supply  systems.  The 
opening  of  the  Fairmount  Waterworks  in  1822  supplied  water  to  the 
entire  city'  of  Philadelphia. 

46.  The  importance  of  local  natural  resources  to  this  region 
steadily  declined  after  the  Civil  War,  due  to  the  rapid  expansion 
of  rail  transportation;  the  rapid  growth  of  industrialization;  and 
the  overall  development  of  the  abundant  resources  of  the  west.  By 
1955  employment  in  the  natural  resource  industries,  such  as  mining 
forestry,  fisb-n;  nrd  n;.r  '.culture,  accounted  for  less  than  two  per 
cent  of  the  to  al  i.:  drs’.rial  employment  of  the  water  service  area. 


Water,  as  a natural  resource,  continued  to  be  a major  requirement 
for  development  of  the  area  and  its  importance  is  discussed  in 
Chapter  V.  Although  the  present  economy  of  the  region  is  not 
primarily  dependent  upon  its  natural  resources,  these  have  served 
as  the  catalyst  to  expand  its  population  and  industrial  activity 
during  its  early  economic  history. 

47.  MANUFACTURING  ACTIVITY  IN  THE  DELAWARE  RIVER  BASIN.  The 
manufacturing  activity  in  the  basin  proper  is  largely  concentrated 
in  the  Bethlehem-Allentown-Reading,  the  Trenton,  the  Philadelphia, 
and  the  Wilmington  subregions.  Where  available  the  data  below  are 
given  for  manufacturing  activity  in  the  basin  proper.  For  a com- 
plete picture  the  available  data  for  the  basin  were  supplemented 
by  data  for  the  entire  Delaware  River  Water  Service  Area  as  indi- 
cated below.  The  industrial  areas  are  characterized  by  a high 
degree  of  industrial  diversification  with  12  leading  manufacturing 
groups  employing  about  84  percent  of  the  manufacturing  labor  force 
in  these  four  subregions  and  contributing  about  the  same  percent- 
age of  manufactured  value.  Each  of  these  groups  employs  less  than 
11  percent  of  the  manufacturing  labor  force  and  contributes  less 
than  11  percent  to  '-he  value  added  by  manufacture.  The  percentages 
of  employment  and  of  value  added  by  manufacture  are  shown  in  table 
III-6  for  the  year  1954.  Five  of  these  industry  groups  are  the 
principal  users  of  industrial  water  in  the  Delaware  River  Basin. 
These  are:  paper  and  allied  products;  chemicals  and  allied  pro- 

ducts; petroleum  and  coal  products;  primary  metals  industries;  and 
food  and  kindred  products.  These  five  groups  employed  about  23 
percent  of  the  industrial  labor  force  in  the  four  subregions  in 
1954  and  contributed  over  35  percent  of  the  value  added  by  manu- 
facturing. These  basic  industries  not  only  contribute  heavily  to 
the  economic  well-being  of  this  region  but  are  also  equally  sig- 
nificant in  their  overall  contribution  to  the  national  economy. 
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TABLE  111-6 


DELAWARE  RIVER  WATER  SERVICE  AREA 
ECONOMIC  SUBREGIONS  C* , D,  E,  F 
RELATIVE  CONTRIBUTION  BY  MAJOR  MANUFACTURING  INDUSTRY  GROUPS 

1954 


Manufacturing  Industry 

Number  of 
Employees 

% of  Total 

Value  Added 
by  Manufacture 

All  Industry  Groups 

100.0 

100.0 

Apparel  and  related  products 

10  6 

5.8 

Textile  mill  products 

9.4 

6.4 

Machinery,  except  electrical 

8.7 

6.7 

Fabricated  metal  products 

3.5 

8.5 

Food  and  kindred  products 

8.4 

9.1 

Primary  metals  industries 

8.3 

3.6 

Electrical  machinery 

8.0 

8.6 

Transportation  equipment 

6.6 

6 . 6 

Chemicals  and  products 

5.8 

10.4 

Pulp,  paper  and  products 

3.3 

3.9 

Stone,  clay  and  glass  products 

3.3 

3.7 

Petroleum  and  coal  products 

2.5 

3.5 

All  other 

16.6 

16.2 

* Hunterdon  County,  N.  J. , excluded 


Source:  Census  of  Manufacture,  1954,  U.  S.  Bureau  of  the  Census. 

43.  The  four  subregions,  comprising  essentially  the  Delaware 
River  Basin,  contain  about  4 percent  of  the  nation's  paper  and 
board  source  with  about  30  percent  of  this  located  in  the  Container 
Corporation  mill  in  Philadelphia  and  in  the  Scott  Paper  Company  mill 
in  Chester,  Pennsylvania.  The  pulp,  paper  and  paper-product  mills 
in  the  basin  contribute  over  $200  million  of  value  added  by  manufac- 
ture or  about  5 percent  of  that  for  the  nation  in  1954. 

49.  The  chemical  industry  employs  about  190,000  persons  in 
the  service  area  or  about  24  percent  of  the  total  employment  in  this 
industry  throughout  the  United  States.  Large  concentrations  of  this 
industry  are  located  in  the  Philadelphia  and  Wilmington  subregions. 
Employment  in  this  industry  in  the  latter  subregion  constitutes  about 
40  percent  of  the  manufacturing  employees  in  that  area  Chemical 
plants  in  the  Delaware  River  Basin  contributed  over  $580  million  of 
manufactured  value  in  1954,  or  about  6 percent  of  the  national  value 
added  by  manufacture  by  this  industry. 
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50.  Petroleum  refining  and  cracking  plants  in  the  Delaware 
River  Basin  provide  about  10  percent  of  the  national  capacity  in 
this  industry  This  capacity  is  essentially  concentrated  in 
seven  refineries,  all  located  along  the  lower  Delaware  River  in 
the  40-mile  reach  between  Delaware  City,  Delaware  and  Philadelphia. 
In  1954  these  plants  employed  only  about  2.5  percent  of  industrial 
employees  in  the  four  subregions  of  the  basin  but  added  about 

$190  million  by  manufacture  or  about  8 percent  of  the  national 
value. 

51.  The  primary  metals  industry  in  the  service  area  employed 
about  150,000  persons  in  1955,  or  about  11  percent  of  the  total  em- 
ployment in  this  industry  in  the  United  States.  About  two- thirds  of 
this  employment  was  in  the  Bethlehem-Al lentown-Reading  and  the 
Philadelphia  subregions,  where  the  Bethlehem  Steel  Company  at 
Bethlehem,  Pennsylvania,  and  the  United  States  Steel  Corporation's 
Fairless  Works  at  Morrisville  Pennsylvania,  provide  about  60  per- 
cent of  the  steel  ingot  capacity  of  the  basin.  The  total  ingot 
capacity  of  the  Delaware  River  Basin  represents  about  7 percent  of 
the  national  capacity,  and  the  added  manufactured  value  was  about 
$480  million  in  1954, 

52.  About  14  percent  of  the  national  industrial  employment  in 
the  food  and  kindred  products  group  was  located  in  the  Delaware 
River  Service  Area  with  about  two-thirds  of  it  in  the  New  York 
Metropolitan  Area,  and  about  one-fourth  in  the  Philadelphia  Area. 

The  manufactured  value  added  was  about  $507  million  or  about  4 per- 
cent of  that  of  the  nation  in  1954. 

53.  PERSONAL  INCOME  AND  THE  ECONOMIC  GROWTH.  By  1955.  the 
last  year  for  which  employment  and  population  estimates  are  avail- 
able on  an  area  basis,  the  21-1/2  million  residents  of  the  water 
service  area  provided  a labor  force  of  9 million  people  and  re- 
ceived $51  billion  of  personal  income.  By  1957  aggregate  income 
had  increased  to  nearly  $58  billion,  an  advance  of  almost  $7  billion 
in  two  years.  On  the  basis  of  a per  capita  total  this  amounted  to 
$2,600,  a figure  one-fourth  higher  than  that  for  the  nation  as  a 
whole.  Between  1929  and  1957  total  personal  income  for  the  service 
area  grew  at  an  average  annual  rate  of  2,0  percent  which  was  two- 
thirds  of  the  national  rate  of  3.1  percent.  Over  this  period  per 
capita  personal  income  has  been  consistently  well  above  the  national 
average,  indicating  the  high  level  of  economic  well-being  that  has 
been  achieved  in  this  region.  The  relative  significance  of  major 
economic  activities  in  terms  of  their  over-all  contribution  to  total 
personal  income  in  1929  and  1957  is  shown  in  table  111-7.  The  geo- 
graphic distribution  of  the  1957  civilian  earnings  by  industry,  is 
shown  on  plate  6 together  with  the  portions  thereof  derived  from 
manufacturing . 
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TABLE  I I I- 7 

I DELAWARE  RIVER  WATER  SERVICE  AREA 

DISTRIBUTION  OF  PERSONAL  INCOME  BY  SOURCE 
1929  and  1957 


Source 

Percent  of 
1929 

Total 

1957 

Personal  Income  Total 

100.0 

100.0 

Property  Income 

29.9 

14.7 

Transfer  Payments 

1.4 

5.0 

Civilian  Earning  Total 

63.7 

30.3 

Manufacturing 

19.7 

26.1 

Wholesale  and  Retail  Trade 

15.1 

17.0 

Services 

11.3 

11.  J 

Public  Utilities,  Transportation, 

Communications  6.9 

6.3 

Finance 

5.3 

5.4 

Construction 

4.7 

4.7 

Government 

o » 

J . O 

7.5 

Farms 

.9 

.6 

Mining 

.4 

.2 

Other 

. 1 

. 1 

54.  Personal  income  and  manufac tur ing . Manufacturing  in  the 
Delaware  River  Service  Area  is  the  leading  economic  activity  of  the 
region.  It  required  about  32  percent  of  the  regional  employment  and 
accounted  for  26  percent  of  regional  personal  income.  The  service 
area  in  1943  contained  over  23  percent  of  the  nation's  manufacturing 
establishments  and  contributed  over  17  percent  of  the  total  value 
added  by  manufacture  in  the  country  as  a whole.  The  relative  growch 
of  manufacturing  from  1929  to  1957  is  best  illustrated  by  comparison 
of  its  contribution  to  personal  income,  with  the  income  from  property 
and  investments.  In  1929  manufacturing  contributed  only  about  20  per- 
cent of  lOi_al  personal  income,  while  property  contributed  about  30 
percent.  In  1957,  due  to  the  growth  of  manufacturing  in  the  Delaware 
River  Water  Service  Area,  its  earnings  contributed  26  percent  to  i_he 
total,  while  property  income  contributed  only  15  percent.  Over  this 
period  factory  earnings  increased  more  than  three  times  as  compared 
with  an  increase  of  1-1/2  times  for  nonmanufacturing  earnings. 

55.  Personal  income  and  wholesale  ar.d  retail  trade.  The 
next  most  important  industrial  sources  of  uhe  civilian  earnings 
portion  of  personal  income  are  wholesale  and  retail  trade.  In  1929 
these  industries  contributed  15  percent  to  the  total  personal  in- 
come and  17  percent  in  1957.  In  1954  over  20  percent  of  he  total 
sales  recorded  for  all  wholesale  and  retail  trade  establishments  in 
the  United  States  were  made  by  the  approximately  300,000  wholesale 
and  retail  establishments  of  the  Delaware  River  Water  Service  Area. 
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DISTRIBUTION  OF  1957  CIVILIAN 
EARNINGS  BY  SUBREGIONS 


56.  Personal  income  and  service  industries.  In  1929  the 
service  industries  of  the  region  contributed  11  percent  to  personal 
income  while  their  1957  contribution  amounted  to  about  12  percent. 
Service  establishments  in  the  region  in  1954  accounted  for  about 

25  percent  of  the  total  service  industry  receipts  for  the  country 
as  a whole.  Closely  related  to  the  production  of  income  in  the 
trade  and  service  industries  are  those  service  industries  involved 
in  recreational  activities  which  cater  to  vacationists,  weekend 
recreation  seekers,  and  in  more  recent  years,  to  an  increasing 
number  of  day- visitors . Indicative  of  recreation's  economic  im- 
portance to  the  service  area,  it  was  estimated  that  people  spent 
about  $600  million  for  vacations  in  1956  within  the  area  of  the 
Philadelphia  District  of  the  Federal  Reserve  Bank.  This  area  in- 
cludes the  eastern  portion  of  Pennsylvania,  all  of  Delaware,  and 
southern  New  Jersey.  The  vacation  industry,  including  travel, 
produces  about  the  same  dollar  volume  of  goods  and  services  and 
employs  as  many  people  as  the  agricultural  industry  of  this  area. 

57.  Public  utilities  and  transportation.  These  industries 
accounted  for  about  seven  percent  of  the  total  personal  income  in 
the  service  area  in  1929  and  1957.  This  contribution  amounted  to 
about  17  percent  of  national  total  of  these  industries.  These  in- 
dustries provide  the  energy  needed  to  produce  the  goods  manufactured 
in  the  area  and  the  means  of  transporting  them  and  their  new 
materials  from  sources  to  markets.  Electric  power  is  supplied  to 
the  water  service  area  by  15  electric  utility  companies  and  five 
municipal  systems.  The  Federal  Power  Commission  estimates  that  in 
1955  the  service  area  required  about  49  billion  kilowatt-hours  of 
energy  at  generating  stations  and  had  a peak  demand  of  about  10.1 

il'ion  kilowatts.  This  represented  about  9 percent  of  the  electric 
on  rgy  produced  in  the  entire  United  States.  About  25  percent  of 
tnis  energy  was  used  by  rural  and  residential  customers;  about  60 
percent  by  commercial  and  industrial  customers;  and  the  remaining 
15  percent  included  all  other  uses  ana  line  losses. 

58.  A number  of  railroads  link  this  region  to  the  markets 
of  the  nation  via  the  transcontinental  and  coastal  routes.  The 
principal  roads  include  the  Erie  Railroad;  New  York  Central  Rail- 
road; Susquehanna  and  Western  Railroad;  the  Lehigh  and  New  England 
Railroad;  the  Delaware,  Lackawanna  and  Western  Railroad;  the 
Central  Railroad  of  New  Jersey;  the  Lehigh  Valley  Railroad;  the 
Reading  Company,  the  Baltimore  and  Ohio  Railroad;  the  Pennsylvania 
Railroad  System;  and  the  Delaware  and  Hudson  Railroad.  A number 
of  shallow-draft  barge  canals  which  once  served  the  mining  and  in- 
dustrial sections  of  the  basin  have  been  replaced  by  highway  and 
rail  transport.  The  Chesapeake  and  Delaware  Canal,  connecting 
Chesapeake  Bay  and  Delaware  River,  was  once  a barge  canal  but  has 
been  converted  into  a ship  canal  and  carries  a large  tonnage  between 

these  two  waterway...  The  Delaware  Bay  and  River  have  been  improved 
for  navigation  from  Trenton,  New  Jersey,  to  the  sea.  The  tidal  por- 
tions of  a number  of  tributaries  have  also  been  improved. 
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59.  Agr  icul  Cure . While  contributing  lest;  than  one  percent  to 
personal  income  in  1957,  civilian  farm  earnings  were  the  only  portion 
of  personal  income  that  increased  at  a rate  greater  than  the  national 
rate.  Sales  of  farm  products  in  1954  for  the  Delaware  River  Basin 
amounted  to  over  $396  million.  Livestock  and  livestock  products  ac- 
counted for  over  65  percent  of  the  total,  cultivated  crops  for  34 
percent,  and  forest  products  for  less  than  1 percent.  Sales  of  milk, 
eggs,  poultry,  and  meat  account  for  a larger  portion  of  the  basin's 
agricultural  income  than  do  all  the  other  farm  products  combined. 

60.  Commercial  fishery.  In  1955  the  value  to  fishermen  of  the 
commercial  fish  and  shellfish  harvested  from  vaters  associated  with 
the  Delaware  Bay  and  with  the  economy  of  Ne  Jersey  and  Delaware, 
totaled  about  $13.5  million.  There  are  seven  major  ports  of  landing 
for  commercial  fishermen  in  the  middle  Atlantic  area.  Five  of  these 
are  located  on  the  Atlantic  Coast  in  the  vicinity  of  Delaware  Bay  and 
contribute  to  its  economy. 

61.  Mining ■ Mining  contributed  only  a small  share  to  the 
personal  income  of  the  service  area.  In  1957  its  contribution 
amounted  to  0.2  percent.  Sand,  gravel,  building  stone,  cement  and 
anthracite  are  the  major  mineral  products  of  the  Delaware  River  Basin. 
Limited  amounts  of  iron  and  zinc  ores  are  mined,  v/ith  the  annual  ton- 
nage depending  largely  upon  market  conditions.'  In  recent  years  sales 
of  anthracite  have  sharply  declined  and  the  labor  force  employed  in 
this  industry  has  largely  shifted  to  other  industries. 

62.  Other  sources  of  civilian  income.  Civilian  earnings  from 
finance,  contract  construction  and  Government  contributed  about  Id 
percent  to  the  total  personal  income  of  the  service  area.  Government 
contributed  over  a third  of  this  and  its  contribution  increased  from 
3.3  percent  in  1929  to  7.5  percent  in  1957. 

63.  ECONOMY  OF  THE  SUBREGIONS.  The  economic  structures  of  the 
subregions  are  comparatively  uniform,  and  generally  similar  to  that 
of  the  service  area  as  a whole.  The  distribution  of  personal  in- 
come, however,  shows  wide  variations  among  the  subregions.  The  New 
York  Metropolitan  Area  accounts  for  6o  percent  of  total  personal  in- 
come in  the  Delaware  River  Water  Service  Area,  the  Philadelphia  Area 
13  percent,  the  other  six  subregions  only  14  percent.  The  1957  per 
capita  personal  income  in  6 of  the  8 subregions  was  higher  than  in 
most  other  sections  of  the  country.  Most  significant  were  the  averages 
for  the  subregions  centering  on  Wilmington,  Delaware,  and  New  York  City. 
The  per  capita  income  of  $3,200  in  the  Wilmington  Metropolitan  sub- 
region  and  $2,800  in  the  New  York  City  Metropolitan  subregion,  exceed 
the  national  average  by  about  one-half  and  one-third,  respectively.  In 
contrast  are  the  income  levels  of  the  less  populous  Upper  Basin  Area 

and  the  Southern  Basin  and  Coastal  Area.  Here  per  capita  incomes  of 
$1,575  and  $1,875,  resplc  lively,  fall  short  of  the  national  average  by 
one-fifth  and  one-tenth.  The  New  York  City  Metropolitan  Area  has  the 
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highest  proportion  of  workers  concentrated  in  the  slower-growing 
service-type  industries,  and  its  manufacturing  is  largely  concen- 
trated in  the  textile  and  apparel  industries  whose  expansion  has 
been  slow.  The  Philadelphia  Metropolitan  Area  differs  markedly 
from  the  New  York  City  Metropolitan  Area,  having  a smaller  propor- 
tion of  service-type  industries  and  a correspondingly  larger  pro- 
portion of  commodity-producing  industries.  About  49.4  percent 
of  the  employment  in  the  six  remaining  subregions  is  in  noncom- 
modity producing  industries,  and  5.6  percent  in  agricultural  in- 
dustries. The  Bethlehem-Allentown-Reading  subregion  has  a greater 
concentration  of  its  employment  in  manufacturing  and  in  commodity 
producing  industries  than  any  of  the  other  subregions. 

64.  In  only  two  of  the  subregions  are  there  substantial 
differences  in  income  composition.  The  Upper  Basin  Area  and  the 
Southern  Basin  and  Coastal  Area  are  both  largely  agricultural, 
and  the  former  contains  most  of  the  mining  activity  of  the  service 
area.  They  derive  a larger  percentage  of  labor  earnings  from 
farming  than  any  of  the  other  subregions  or  for  the  country  as  a 
whole . 

65.  DOMINANT  ECONOMIC  FORCES . The  region  associated  with 
the  water  resources  of  the  Delaware  River  Basin  represents  one 
of  the  most  important  regional  economies  in  the  nation.  In  1955 
this  area,  which  has  Jess  than  one  percent  of  the  area  of  Con- 
tinental United  States,  contained  about  13  percent  of  its  popula- 
tion and  about  14  percent  of  its  labor  force.  This  population 
has  increased  since  1930  at  a rate  of  about  one  percent  per  year 
and  employment  in  the  same  period  increased  at  about  the  same 
rate.  These  rates  are  only  slightly  less  than  those  for  the  nation 
as  a whole.  Industrial  growth  was  quite  general  among  all  major 
industries,  although  at  somewhat  lesser  rates  than  the  growth  in 
corresponding  industries  of  the  United  States.  A second  signifi- 
cant feature  of  recent  economic  changes  in  this  area  was  the  dif- 
ferential growth  of  its  noncommodity-producing  industries,  which 
employ  roughly  half  again  as  many  persons  as  the  commodity  pro- 
ducing ones.  Manufacturing  in  the  area  registered  the  highest 
growth  rate  of  major  industry  groups  to  maintain  the  service 
area's  position  of  having  a higher  than  average  concentration 

of  manufacturing. 

66.  Personal  income  in  1957  amounted  to  about  $53  billion 
or  16.5  percent  of  that  for  the  nation  as  a whole.  It  has 
increased  at  an  average  rate  of  about  2 percent  per  year  compared 
to  a national  average  annual  rate  of  2.7  percent.  Aggregate  earn- 
ings of  persons  engaged  in  manufacturing  has  replaced  property 
income  as  the  largest  element  in  the  personal  income  flow  in  the 
service  area.  As  a source  of  income  as  well  as  a direct  employer 
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of  labor,  manufacturing  has  become  the  largest  industry  in  the 
area  by  a large  margin.  This  industry  is  now  a strongly  buoyant 
force  on  overall  income  growth.  It  is  believed  that  individual 
earnings  from  factory  employment  will  likely  tend  to  accelerate 
the  pace  of  future  economic  growth  in  the  Delaware  River  Water 
Service  Area. 
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CHAPTER  IV 
PROJECTED  ECONOMY 


67.  INTRODUCTION.  The  development  of  the  water  resources  of  the 
Delaware  River  Basin  depends  largely  upon  the  economic  growth  that  may 
occur  in  this  important  segment  on  the  national  economy.  The  preceding 
chapter  surveyed  the  present  economy  of  this  region  and  trends  in  the 
past  growth  of  this  economy.  These  trends  when  projected  into  the  future 
provide  a basis  for  estimating  the  potential  expansion  of  the  economic 
and  the  concomitant  development  of  the  water  resources  that  will  be 
needed  in  this  region  to  sustain  such  expansion.  Long-term  trends  in 
gross  national  product,  population  and  number  of  households,  employment, 
and  personal  income  were  selected  as  economic  factors  whose  changes 
would  indicate  significant  changes  in  the  area's  economy.  Under  exami- 
nation in  the  present  chapter  are  these  factors  as  projected  through  the 
years  1965,  1980  and  2010.  The  detailed  data  upon  which  the  pro- 
jections in  this  chapter  are  based,  as  well  as  the  methods  employed  in 
making  the  projections,  are  contained  in  appendices  B,  C,  and  K. 

68.  GROSS  NATIONAL  PRODUCT' . The  total  value  of  all  goods  and  serv- 
ices in  terms  of  the  1957  price  level  produced  in  the  national  economy, 
or  the  gross  national  product,  grew  from  $i94  billion  in  1929  to  $443 
billion  in  1957,  an  increase  of  128  percent.  As  a broad  gauge  of  over- 
all economic  activity,  the  growth  of  gross  national  product  has  averaged 
three  percent  a year,  a growth  rate  which  has  been  projected  in  the 
future.  Over  the  past  three  decades  relative  growth  has  been  less  in 
population  and  employment  than  in  total  production,  indicating  a sharp 
expansion  in  output  for  a given  input  of  effort.  This  increase  in  pro- 
ductivity lies  at  the  heart  of  the  nation's  economic  progress.  It  has 
arisen  from  technological  and  managerial  advances,  a high  rate  of 
capital  formation,  expanded  development  of  natural  resources,  a growing 
labor  force  and  shifting  of  the  working  force  into  activities  of  high 
productivity.  Such  forces  have  brought  an  average  annual  advance  of 
more  than  two  percent  in  output  per  man-hour  in  the  economic  system  as 

a whole. 

69.  On  the  basis  of  the  trend  described  above,  and  conforming  to 
the  historical  pattern,  the  gross  national  product  is  expected  to  rise 
approximately  to  $570  billion  by  1965,  $910  billion  by  1980  and  to 
$2,300  billion  by  2010.  Although  estimates  of  gross  regional  product 
are  not  available  for  the  service  area,  it  is  significant  that  the 
service  area's  projected  growth  is  expected  to  expand  in  line  with  the 
overall  economic  growth  of  the  nation  as  reflected  in  these  national 
forecas  ts . 
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70.  POPULATION . The  national  population  is  projected  to  rise 
from  174  million  in  1958  to  195  million  in  1965,  to  248  million  by 
1980,  and  to  370  million  by  2010.  The  population  of  the  service  area 
is  expected  to  increase  from  21.9  million  in  1956  to  25  million  in 
1965,  to  30  million  by  1980  and  to  42  million  in  2010.  The  pro- 
jected increase  in  population  for  the  United  States  is  expected  to 
average  1.5  percent  per  year  between  1955  and  2010.  A somewhat  more 
gradual  growth,  averaging  1.2  percent  per  year,  is  estimated  for 
the  Delaware  River  Water  Service  Area,  reflecting  the  area's  growth 
rate  of  recent  years  which  was  less  than  the  national  rate.  With 
reference  to  the  economic  subregions,  the  Wilmington  Metropolitan 
Area,  Southern  Basin  and  Coastal  Area,  the  Trenton  Metropolitan  Area 
and  the  New  York  City  Metropolitan  Supplement  Area,  having  experi- 
enced rapid  population  growth  in  the  recent  past,  are  projected  to 
grow  at  a more  rapid  rate  than  the  national  average.  The  remaining 
subregions,  embracing  the  service  area's  larger  cities  and  90  percent 
of  the  total  population,  are  projected  to  grow  at  a somewhat  lesser 
rate.  The  Upper  Basin  is  estimated  to  grow  at  a rate  well  below  the 
national  average.  Projections  of  population  for  the  United  States 
and  the  Delaware  River  Water  Service  Area,  as  presented  in  appendix 
B by  the  Department  of  Commerce,  are  shown  in  table  IV-1. 

TABLE  IV -i 

DELAWARE  RIVER  WATER  SERVICE  AREA 
POPULATION  PROJECTIONS  BY  SUBREGIONS,  1955-2010 
(Thousands) 


UNITED  STATES 

DELAWARE  RIVER  WATER  SERVICE  AREA 
New  York  City  Metropolitan 
New  York  City  Supplement 
Be  thlehem-Al len  town -Reading 
Trenton  Metropolitan 
Philadelphia  Metropolitan 
Wilmington  Metropolitan 
Upper  Basin 

Southern  Basin  and  Coastal 


Actual 

1955 

Projections 

1965 

1980 

2010 

164,303 

195,000 

248,000 

370,000 

21,589 

25,000 

30,000 

42,000 

13,851 

16,000 

18,500 

25,000 

1,221 

1,500 

2,000 

3,400 

798 

900 

1,100 

1,550 

250 

300 

400 

650 

4,121 

4,800 

5,800 

7,900 

329 

450 

600 

1,000 

551 

650 

750 

950 

469 

600 

850 

1,300 

71.  HOUSEHOLDS.  Over  the  past  25  years  the  average  number  of 
persons  per  household,  for  both  the  United  States  and  the  service 
area,  has  been  on  a steady  decline.  Accordingly,  the  number  of 
households  has  shown  a greater  relative  rise  than  the  total  popu- 
lation for  the  United  States  and  the  service  area.  For  the  next 
thirty  years  the  average  size  of  households  is  expected  to  show 
little  change  but  may  decline  somewhat  thereafter,  reflecting  the 
expected  trend  in  the  birth  rate.  The  number  of  households  in  the 
service  area  is  expected  to  double  by  2010.  Projected  trends  for 
households  for  the  United  States  and  the  service  area  a~e  shown  in 
table  IV-2. 
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TABLE  IV -2 


DELAWARE  RIVER  WATER  SERVICE  AREA 
PROJECTIONS  OF  THE  NUMBER  OF  HOUSEHOLDS  BY  SUBREGIONS,  1955-2010 
(Thousands) 


Actual 

1955 

19b5 

Pro  iections 

1980  2010 

UNITED  STATES 

47,788 

57,000 

74,000 

117,000 

DELAWARE  RIVER  WATER  SERVICE  AREA 

6,499 

7,400 

9,100 

13,500 

New  York  City  Metropolitan 

4,286 

4,800 

5,800 

8,400 

New  York  City  Supplement 

340 

420 

570 

1,000 

Bethlehem -A lien town -Reading 

228 

260 

310 

460 

Trenton  Metropolitan 

69 

80 

110 

180 

Philadelphia  Metropolitan 

1,163 

1,350 

1,650 

2,400 

Wilmington  Metropolitan 

94 

120 

170 

300 

Upper  Basin 

163 

190 

220 

300 

Southern  Basin  and  Coastal 

15o 

200 

280 

460 

72.  EMPLOYMENT . National  employment  projections,  as  presented  in 
appendix  B,  represent  a pattern  consistent  with  an  overall  annual  growth 
rate  of  3 percent  for  gross  national  product.  From  a base  of  66  million 
employed  in  all  industries  in  1955,  it  is  estimated  that  national 
employment  will  rise  to  76  million  in  19o5,  97  million  in  1980  and  151 
million  by  2010.  While  employment  in  all  industries  will  increase  129 
percent  by  2010,  employment  in  the  manufacturing  industries  is  expected 
to  increase  150  percent  over  this  55-year  span.  The  output  projected 

in  the  gross  national  product  can  be  achieved  despite  variations  that 
may  occur  in  both  the  projections  of  employment  and  population. 

73.  The  Delaware  River  Water  Service  Area  employment  is  pro- 
jected to  rise  from  9 million  in  1955  to  about  10  million  in  1965,  12 
million  in  1980  and  to  18  million  by  2010,  doubling  over  the  55-year 
period.  The  five  industries  (food,  chemicals,  petroleum,  primary 
metals  and  paper)  considered  as  the  major  water-using  manufacturing 
industries,  accounted  for  about  19  percent  of  total  manufacturing 
employment  in  1955.  By  2010  it  is  estimated  that  these  five  industries 
will  require  more  than  30  percent  of  the  projected  total  manufacturing 
employment.  While  the  total  manufacturing  employment  in  the  service 
area  in  2010  is  expected  to  be  about  twice  that  in  1955,  employment  in 
this  five-industry  grouping  will  be  greater  than  2-1/2  times  the  1955 
level.  The  most  dramatic  growth  will  be  registered  in  the  chemical 
and  paper  industries,  for  which  it  is  estimated  that  the  employment 
levels  will  more  than  triple  by  2 010.  Projection  of  employment  in  the 
five  manufacturing  industries  is  shown  in  table  IV-3. 
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TABLE  IV -3 


1 


DELAWARE  RIVER  WATER  SERVICE  AREA 
EMPLOYMENT  PROJECTIONS  BY  INDUSTRIES,  1955-2010 
| (Thousands) 


Ac  tual 
1955 

1965 

Pro iections 
1980 

2010 

ALL  INDUSTRIES 

9,073 

10,300 

12,400 

18,000 

MANUFACTURING 

2,907 

3,390 

4.210 

6,100 

Food  and  kindred  products 

215 

230 

270 

400 

Chemicals  and  allied  products 

190 

235 

325 

630 

Petroleum  and  coal 

65 

75 

90 

145 

Primary  metal 

146 

180 

240 

400 

Paper  and  allied  products 

80 

100 

150 

300 

Five-Industry  Total 

696 

820 

1,075 

1,875 

74.  Projections  of  total  industrial  employment  within  the  eight 
economic  subregions  of  the  service  area  reflect  the  pattern  of  indus- 
trial change  that  has  occurred  within  each  of  the  subregions  since 
1930.  Projections  of  total  industrial  employment  for  each  of  the 
subregions  are  shown  in  table  IV-4. 

TABLE  IV-4 


DELAWARE  RIVER  WATER  SERVICE  AREA 
EMPLOYMENT  PROJECTIONS  BY  SUBREGIONS,  1955-2010 
(Thousands) 


Ac  tual 

Proiections 

1955 

1965 

1980  2010 

DELAWARE  RIVER  WATER  SERVICE  AREA 

9,073 

10,300 

12,400 

18,000 

New  York  City  Metropolitan 

5,897 

6,600 

7,800 

11,000 

New  York  City  Supplement 

495 

600 

800 

1,400 

Be thlehem-Allen town -Reading 

357 

400 

470 

700 

Trenton  Metropolitan 

110 

130 

170 

280 

Philadelphia  Metropolitan 

1,671 

1,910 

2,300 

3,300 

Wilmington  Metropolitan 

136 

180 

240 

420 

Upper  Basin 

214 

240 

280 

380 

Southern  Basin  and  Coastal 

193 

240 

340 

540 

, 


The  projection  of  industrial  development  of  more  than  average  growth 
for  the  New  York  City  Supplement  Area  reflects  a historical  employ- 
ment growth  pattern  considerably  greater  than  that  for  the  region 
as  a whole.  The  projection  of  more  rapid  expansion  of  employment 
for  the  Trenton  Metropolitan,  Wilmington  Metropolitan  and  Southern 
Basin  and  Coastal  Areas,  as  compared  to  the  nation,  was  warranted 
by  a number  of  considerations  involving  favorable  transportation 
facilities  and  the  proximity  of  these  areas  to  other  areas  of  sub- 
stantial industrial  expansion. 

75.  PERSONAL  INCOME.  Based  upon  projected  output,  personal 
income  for  the  nation  ir.  terms  of  the  1957  price  level  is  expected  to 
grow  from  $3u8  billion  in  1957  to  $430  billion  by  1965,  to  $725 
billion  by  1980  and  r $1,800  biliion  by  2010.  During  this  period 
national  per  capita  personal  income  is  projected  to  increase  to  almost 
2-1/2  times  the  1957  estimate  of  $2,040. 

76.  The  service  area's  growth  over  the  most  recent  years  has 
been  somewhat  less  than  for  the  country  as  a whole.  This  has  largely 
been  attributed  to  the  relative  degree  of  maturity  achieved  in  the 
area  during  the  first  quarter  of  this  century.  From  1929  to  1957 
total  income  in  the  region  grew  at  an  average  annual  rate  somewhat 

in  excess  of  two  percent.  The  Office  of  Business  Economics  has 
indicated,  in  appendix  B,  that  several  forces,  now  present  in  the 
service  area's  income  structure,  indicate  that  personal  income 
should  be  projected  over  the  next  50  years  at  an  annual  rate  slightly 
greater  than  2-1/2  percent.  Although  slower  growth  has  been  re- 
corded for  the  service  area  since  1929,  it  should  be  noted  that 
in  1957  the  nation  and  the  area  exhibited  greater  similarity  in 
eight  of  the  ten  income  sources  than  they  did  in  1929.  More 
specifically  the  recent  trend  in  the  rise  of  manufacturing  earnings 
as  an  income  source  and  the  decrease  of  importance  of  property  income 
between  1929  and  1957,  indicate  a step-up  in  the  increase  of  personal 
income  over  the  next  half  century.  It  is  further  anticipated  that 
in  the  more  recently  developed  regions  of  the  United  States,  outside 
the  water  service  area,  economic  growth  will  begin  to  taper  off. 

The  differential  that  existed  between  this  region  and  the  rest  of 
the  country  will  become  smaller  over  the  next  25  years.  Total 
personal  income  for  the  service  area  is  projected  to  increase  from 
$57  billion  in  1957  to  $70  billion  by  1965  and  to  $100  billion  by 
1980.  During  this  latter  period  it  is  assumed  that  expansion  of 
personal  income  will  begin  to  approximate  the  national  growth  rate 
and  achieve  a level  of  $224  billion  by  2010.  On  a per  capita  basis 
the  service  area  will  continue  to  exhibit  levels  higher  than  the 
average  for  the  nation  as  a whole  over  the  projection  period.  It 
is  expected  that  by  2010  the  differential  between  this  region's  per 
capita  personal  income  and  that  of  the  nation  will  have  been  reduced. 
Projections  of  personal  income  for  the  United  States  and  for  the 
service  area  are  shown  in  table  IV-5. 
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TABLE  IV -5 

DELAWARE  RIVER  WATER  SERVICE  AREA 
PERSONAL  INCOME  PROJECTIONS  BY  SUBREGIONS  IN  CONSTANT  DOLLARS 
| 1965-2010 

(billions  of  1957  dollars) 


1957 

1965 

1980 

2010 

UNITED  STATES 

347 

9 

450. 

.0 

725, 

.0 

1,800, 

.0 

DELAWARE  RIVER  SERVICE  AREA 

57 

6 

70, 

.0 

100, 

.0 

224, 

.0 

New  York  City  Metropolitan 

39 

3 

46 

.7 

64 

.4 

139, 

.0 

New  York  City  Supplement 

2 

9 

3 

.8 

6 

.2 

17 

.0 

Be thlehem -Alien town -Reading 

1 

8 

2. 

,2 

3. 

.3 

7, 

,8 

Trenton  Metropolitan 

7 

.9 

1 

.4 

4. 

,0 

Philadelphia  Metropolitan 

10 

1 

12, 

. 1 

17, 

,8 

39, 

,5 

Wilmington  Metropolitan 

1 

1 

1, 

.6 

2, 

.6 

7, 

.0 

Upper  Basin 

9 

1. 

.2 

1. 

.8 

4, 

.0 

Southern  Basin  and  Coastal 

9 

1. 

.3 

2 

.3 

6, 

. 1 

77.  It  is  estimated  that  total  personal  income  for  the  nation 
will  more  than  quintuple  between  1957  and  2010  and  the  income  of  the 
service  area  will  quadruple  during  this  period.  However,  in  the  same 
period,  personal  income  in  the  New  York  City  Supplement  and  the 
Trenton  Metropolitan  subregions  will  increase  to  more  than  five  times 
that  of  1957,  and  in  the  Wilmington  Metropolitan  and  the  Southern 
Basin  and  Coastal  subregions  it  will  increase  to  more  than  sixfold. 

The  basis  for  these  increases  were  already  noted  in  the  discussion  of 
the  subregion  industrial  employment  projections. 

78.  PROJECTIONS  OF  LAND  USE.  Studies  of  land  use  within  the 
basin  proper,  as  discussed  in  appendices  G and  K,  indicate  that  about 

9 percent  of  the  10  million  acres  of  land  area  is  presently  under  urban 
development.  Present  land  use  for  the  Delaware  River  Basin  is  shown 
in  table  IV-6. 


TABLE  IV-6 


DELAWARE  RIVER  BASIN 
LAND  USE  PATTERN,  CIRCA  1955 
(Thousands  of  acres) 


Total  Area 
Classified 
by  SCS  3/ 

Type  of 
Urban 

Acres  % 

Land 

Ope 

Acres 

n 

°L 

DELAWARE  RIVER  BASIN 

10,000 

896 

9.0 

9,104 

91.0 

Be th lehem -A lien  town -Reading 

1,465 

93 

6.3 

1,372 

93.7 

Trenton  Metropolitan 

150 

24 

16.0 

126 

84.0 

Philadelphia  Metropolitan  2 / 

2,165 

380 

17.5 

1,785 

82.5 

Wilmington  Metropolitan 

445 

94 

21.1 

351 

78.9 

Upper  Basin  3/ 

3,661 

189 

5.2 

3,472 

94.8 

Southern  Basin  and  Coastal 

2,il4 

116 

5.5 

1 ,998 

94.5 

V Each  subregion  includes  several  counties,  portions  of  which  are 
located  outside  the  Delaware  River  watershed. 

Includes  estimate  of  lands  in  Philadelphia  County  that  were 
not  included  by  Department  of  Agriculture. 

2/  Includes  estimates  for  only  those  portions  of  the  counties  in 
New  York  State  that  lie  inside  the  Delaware  River  watershed. 

As  shown  in  table  IV-6  urban  land  use  and  development  is  the  great- 
est in  the  metropolitan  areas  of  Trenton,  Philadelphia  and  Wilming- 
ton. Based  upon  the  appraisal  contained  in  appendix  K that  addition- 
al population  growth  will  require  an  additional  1/4  acre  per  person, 
it  is  possible  to  forecast  the  amount  of  non-urban  land  that  will 
have  to  be  used  for  future  urban  development.  By  2010  apprpximately 
1,800,000  acres  of  additional  non-urban  land  will  be  needed  in  the 
basin  for  urban  use  to  satisfy  the  needs  of  an  expanding  population. 
More  than  half  of  this  total  will  be  needed  for  the  urban  growth 
in  the  Philadelphia  Metropolitan  Area.  Urban  growth  in  the 
Bethlehem-Alien Uown-Reading,  the  Wilmington  and  the  Southern  Basin 
and  Coastal  Areas  will  require  about  600,000  acres  of  additional  land 
or  about  one-third  of  the  total  needed.  About  one-sixth  of  the  total 
needed  (about  200,000  acres)  will  be  in  the  Trenton  and  the  Upper 
Basin  areas.  Assuming  that  all  of  this  land  will  be  obtained  from 
present  non-urban  lands,  by  2010  about  27  percent  of  the  total  land 
in  the  basin  will  be  under  urban  development.  In  addition,  data 
presented  in  appendix  I indicate  that  over  1.2  million  acres  of 
additional  recreation  lands  will  be  required  by  2010  within  the 
service  area  to  satisfy  the  demand  for  new  recreational  opportunities 
generated  by  the  expanding  population  of  the  region. 
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79.  OTHER  FACTORS . Whether  or  not  this  region  can  achieve 
the  high  level  economy  projected  for  it  over  the  next  half  century 
will  depend  upon  the  favorable  operation  of  a highly  complex  set 
of  factors.  The  historical  and  projected  levels  of  economic  devel- 
opment show  that  a potential  for  major  expansion  already  exists 
within  the  region  as  well  as  for  the  country  as  a whole.  One 
factor  upon  which  the  service  area  will  rely  to  sustain  and  nourish 
its  growth  will  be  the  reasonable  exploitation  of  i^s  water  re- 
sources. The  service  area's  present  reliance  upon  its  water  re- 
sources and  the  problems  associated  with  the  development  of  this 
vital  resource  are  discussed  in  subsequent  chapters. 


CHAPTER  V 


CONTRIBUTION  OF  WATER  RESOURCES  TO  THE  REGION'S  ECONOMY 

80.  INTRODUCTION.  A hi  si-:  pri  ret  pie  in  this  Investigation  was  that 
the  goods  and  services  tc  be  see  ::sJ  through  water  resources  development 
shall  have  economic  value  only  to  the  extent  that  there  exists,  either 
now  ur  in  the  future,  a need  or  demand  for  the  several  water  resource 
products.  The  market  far  water  resource  derivatives  arises  out  of  the 
relationship  existing  between  the  water  resources  of  the  Delaware  River 
Basin  and  the  growth  and  development  of  the  region  within  its  zone  of 
influence.  Previous  chapters  have  shown  that  the  populous  Delaware 
River  Basir.  combi  . :d  with  the  larger  service  area  in  which  it  is  located, 
is  one  of  the  major  industrial  and  commercial  centers  of  the  United 
States.  The  continued  ability  of  this  region  to  expand  its  activities 
will,  to  a great  extent,  depend  upon  a reasonable  development  and  use 

of  its  water  resources.  This  chapter  describes  the  relationship  that 
exists  between  the  water  resources  of  the  basin  and  the  continued 
economic  growth  and  development  of  the  region.  The  factors  that  limit 
the  extent  and  use  of  these  water  resources  in  serving  the  needs  of 
the  region  are  also  discussed.  Lastly,  the  elements  that  were  used  to 
arrive  at  the  balanced  program  for  resource  development  for  the  basin 
are  enumerated. 

81.  SUPPLIES  OF  WATER.  The  most  elemental  requirement  placed 
on  the  water  resources  of  the  basin  is  the  provision  of  supplies  of 
water  for  domestic  and  municipal  use.  Over  ten  million  residents  of 
the  water  service  area  are  currently  withdrawing  over  one  billion 
gallons  of  water  a day  from  the  ground  and  surface  water  sources  of 
the  basin  to  satisfy  their  needs.  The  high  standard  of  living  enjoyed 
by  the  people  of  the  area  associated  with  higher  standards  of  health 
and  cleanliness  and  with  the  increasing  use  of  water-consuming  home 
appliances  has  resulted  in  a daily  use  of  approximately  120  gallons 

of  water  per  person.  As  population  continues  to  expand,  with  concomi- 
tant increases  in  living  standards  over  the  next  half  century,  an 
even  greater  reliance  must  be  placed  on  the  water  resources  of  the 
basin.  Should  the  current  excesses  of  water  in  the  basin  become 
scarce  in  the  future,  it  is  very  likely  that  the  people  served  from 
that  source  would  either  have  to  adjust  to  a restricted  use  of  water 
or  be  forced  to  obtain  additional  supplies  from  other  sources.  A 
more  drastic  consequence  of  water  shortage  would  be  the  migration  of 
the  people  of  the  basin  to  other  parts  of  the  country  where  water 
supplies  are  more  plentiful.  While  real  substitutes  for  the  water  of 
this  basin  (such  as  desalted  sea  water  and  diversions  from  other 
basins)  may  be  developed  in  the  future,  it  appears  certain  that  the 
Delaware  River  Basin,  because  of  the  quality  of  its  water  and  its 
orientation  with  the  major  water  demand  centers,  will  continue  to  be 
the  major  source  of  supply  for  domestic  and  municipal  purposes  for 
the  people  of  the  basin  and  for  sizable  populations  beyond  its  bounda- 
ries. However,  since  diversions  from  the  basin  are  authorized  by 
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the  U.  S.  Supreme  Court,  it  would  be  presumptive  to  project,  for  purposes 
of  this  investigation,  diversions  to  satisfy,  wholly  or  in  part,  the 
water  needs  in  adjacent  areas  at  designated  dates  in  the  future.  There- 
fore, except  for  current  diversions,  the  water  uses  of  primary  interest 
' are  those  within  the  basins  boundaries.  Furthermore,  this  approach  was 

supported  by  the  fact  that  local  water  resources  and  their  capabilities 
to  s atisfy  the  water  needs  in  the  areas  adjacent  to  the  basin  were 
beyond  the  scope  of  this  investigation. 

82.  Water  use  inventories  by  the  U.  S.  Public  Health  Service,  as 
presented  in  appendix  C,  indicate  that  the  industrial  production  proc- 
esses use  more  than  70  percent  of  all  water  withdrawn  for  all  purposes 
in  the  basin.  The  major  water  using  industries  of  the  basin  are: 
food,  paper,  chemicals,  petroleum  and  primary  metals.  They  withdraw 
more  than  540  billion  gallons  a year  from  the  basin,  equal  to  about 
three- four ths  of  the  basin's  total  industrial  water  use.  As  indicated 
previously,  manufacturing  activity  of  this  basin  is  presently,  and  will 
continue  to  be,  the  major  source  of  civilian  earnings  for  the  people  of 
the  area,  currently  employing  over  900,000  persons  earning  in  excess  of 
4.5  billion  dollars  annually.  The  availability  of  water  of  sufficient 
quantity  and  quality  is  one  of  the  major  factors  that  will  be  required 
to  permit  the  expansion  of  industrial  activity  as  indicated  in  the 
projections  of  growth  shown  in  chapter  IV.  Failure  to  provide  it  may 
result  in  serious  economic  losses  both  to  the  region  and  the  nation, 
since  the  lack  of  water  would  restrict  expansion  and  the  full  utili- 
zation of  basic  industrial  plant  and  equipment. 

83.  The  1955  production  of  electric  energy  in  the  basin  area  by 
thermal  plants  required  an  estimated  3.4  billion  gallons  of  water  per 
day  for  cooling  purposes.  The  future  expansion  of  the  basin's  power 
production  capacity  requires  an  assured  and  inexpensive  supply  of 
water  of  tolerable  quality.  Should  the  water  resources  of  the  basin 
become  unable  to  fully  satisfy  future  cooling  water  requirements,  in- 
creases in  operating  and  installation  costs  for  electric  power  pro- 
duction may  result. 

84.  Water  withdrawn  for  agricultural,  irrigation,  livestock, 
and  rural  use  presently  amounts  to  only  one  percent  of  all  water 
presently  withdrawn  for  use  in  the  basin.  Agriculture  as  an  in- 
dustry contributes  only  small  amounts  to  both  the  employment  and 
the  personal  income  of  the  region.  However,  it  produces  the  major 
share  of  the  food  products  consumed  in  the  basin  and  serves  as  an 
important  feeder  industry  for  the  food  processing  plants  of  the 
area.  The  water  needed  to  service  this  section  of  the  economy, 
although  small  in  comparison  to  the  needs  for  domestic,  municipal, 
and  industrial  use,  nevertheless,  is  crucial  if  agriculture  is  to 
maintain  its  position  within  the  region.  This  is  especially  true 
for  the  Upper  and  Lower  Basin  Areas  where  nearly  seven  percent  of 
personal  income  is  derived  from  farming. 
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85.  WATER  QUALITY  AND  STREAM  POLLUTION.  Maintenance  of  water 
quality  and  reduction  of  stream  pollution  are  equally  essential  in  the 
satisfaction  of  the  several  water  supply  markets  discussed  above.  To 
evaluate  the  contribution  of  water  quality  and  pollution  abatement,  as 
they  relate  to  the  overall  well-being  of  the  region,  consideration  has 
been  given  to  the  several  quality  requirements  placed  upon  the  waters 
of  the  basin  by  the  quantitative  water  supply  needs.  These  requirements 
also  bear  heavily  on  the  use  of  streams  for  recreation  and  commercial 
fishing  as  well  as  on  the  aesthetic  value  of  clean  streams.  Quality 
requirements  may  be  very  stringent  when  the  water  is  used  for  domestic 
purposes  or  when  used  in  food  processing  plants.  Quality  requirements 
may  be  substantially  lower  when  the  water  is  used  for,  say,  the  metals 
industries  and  cooling  purposes.  While  quality  requirements  will  differ 
from  one  use  to  another,  the  degree  of  treatment  varies  according  to 
the  point  at  which  raw  water  withdrawals  are  made  within  the  basin, 
and,  in  almost  all  cases,  some  treatment  is  required  to  bring  the  raw 
water  to  the  quality  level  desired  As  population  and  industrial 
activity  expand  in  this  area  over  the  next  fifty  years  with  resultant 
increased  waste  loads  for  discharge  to  the  waters  of  the  basin,  more 
and  more  attention  must  be  directed  to  the  contributions  that  can  be 
made  to  the  improvement  of  water  quality  and  the  abatement  of  pollution 
through  reduction  of  the  waste  load.  The  sizable  investment  presently 
made  in  these  fields  and  the  tremendous  investments  to  be  expected  in 
the  future  are  indicative  of  the  importance  of  such  programs  as  they 
relate  to  the  beneficial  uses  of  water  in  the  region.  Failure  to 
recognize  future  trends  in  water  use,  that  may  well  add  to  the  overall 
water  quality  problems  of  the  basin,  would  result  in  preventing  such 
investments  from  achieving  their  full  contribution  to  the  welfare  of 
the  community. 

86  SALINITY  CONTROL  Of  particular  interest  to  the  water  users 
in  the  tidal  section  of  the  Delaware  River  is  the  contribution  that 
may  be  secured  through  the  control  of  salinity.  The  salinity  front, 
while  not  affecting  sources  of  water  currently  being  utilized  for 
domestic  supplies,  continually  poses  treatment  problems  for  water- 
using industries  downstream  from  Eddystone  in  the  Chester -Marcus  Hook 
area.  The  control  of  salinity  in  this  area  could  reduce  the  cost  of 
chemical  treatment  required  to  remove  the  objectionable  salinity 
constituents,  obviate  the  need  for  additional  investments  in  fresh 
water  developments  to  offset  further  deterioration  in  the  quality  of 
the  river,  and  mitigate  the  costs  of  water  supplies  for  downstream 
areas . 

87.  CONTROL  OF  FLOOD  FLOWS  Control  of  flood  flows  in  the 
Delaware  River  and  its  tributaries  would  contribute  to  the  overall 
well-being  of  this  region  by  preventing  damages  to  real  property  and 
the  loss  of  goods  and  services.  It  would  also  make  possible  the 
increased  production  of  goods  and  services  through  a more  intensive 
use  of  real  property  on  or  adjacent  to  the  flood  plain  that  cannot 
now  be  utilized  due  to  the  flood  hazard.  The  occurrence  of  seven 
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major  flood-producing  storms  since  1900  has  resulted  in  major  losses  of 
both  life  and  property  throughout  the  basin.  The  storms  of  August  1955, 
producing  the  largest  flood  of  record  generally  through  the  basin,  re- 
sulted in  the  loss  of  99  lives  and  caused  property  damage  and  business 
losses  in  excess  of  $100  million.  The  continued  use  and  redevelopment 
of  the  flood  plain  over  the  next  fifty  years  may  result  in  a situation 
wherein  the  potential  damages  from  a flood  of  the  1955  magnitude  that 
would  exceed  the  damage  caused  by  that  flood  by  as  much  as  one-third. 
Mitigation  of  such  losses  by  appropriate  flood  control  measures  would 
permit  valuable  resources  of  land  and  real  property  to  sustain,  in  a 
continuing  fashion,  its  beneficial  and  productive  contributions  to 
the  economy  At  the  same  time  control  of  flood  flows  would  release, 
for  use  in  production  of  new  goods  and  services,  resources  that  other- 
wise would  be  diverted  for  the  purposes  of  repair,  replacement,  cleanup 
and  other  forms  of  emergency  relief  required  as  a result  of  floods. 

With  each  flooding  many  commercial  and  industrial  establishments  may 
be  forced  to  curtail  operations  ranging  from  a few  days  to  as  much  as 
three  weeks  with  attendant  layoff  of  employees  and  loss  of  production. 
These  are  real  economic  losses  and  certainly  any  justifiable  measures 
to  lessen  or  eliminate  such  losses  are  positive  forces  contributing  to 
the  economic  and  social  well-being  in  the  affected  areas, 

88,  NAVIGATION , The  improvement  of  the  Delaware  River  and  its 
tributaries  for  navigation  contributes  to  the  ecomomic  growth  of  this 
region.  Canals  constructed  in  the  early  1800 's  provided  the  first 
economic  means  of  transporting  coal  from  the  Lehigh  Valley  and  the 
Schuylkill  Valley  to  the  major  manufacturing  centers  of  the  area.  As 
more  economical  means  of  transportation  were  developed  and  the  market 
for  anthracite  declined,  these  canals  fell  into  disuse  for  transpor- 
tation. The  existing  and  authorized  navigation  projects  in  the  tidal 
sections  of  the  Delaware  River  and  tributaries,  however,  continue  to 
make  positive  contributions  to  the  basin's  economy.  Commerce  in  the 
Philadelphia  port  area  has  quadrupled  since  1920.  In  1958  about  100 
million  short  tons  of  cargo  were  moved  through  the  ports  and  carried 
through  the  navigation  channels  of  the  Delaware  River  and  tributaries 
from  Trenton  to  the  sea,  about  ten  percent  of  the  total  cargo  carried 
on  all  rivers,  canals  and  connecting  channels  of  the  United  States. 
Foreign  commerce  passing  through  the  ports  on  the  Delaware  River  con- 
stitutes a major  portion  of  this  total.  In  1958  42  million  tons  of 
import  cargo  were  received  through  these  ports  and  3-1/4  million  tons 
of  export  cargo  were  shipped  from  the  area,  together  accounting  for 
1/4  of  all  foreign  commerce  for  all  ports  of  the  United  States.  The 
importance  of  these  navigation  channels  to  the  region  can  best  be 
seen  by  the  relationship  between  the  ports  of  the  area  and  the  in- 
dustrial and  commercial  activity  of  the  region.  In  the  Wilmington, 
Philadelphia  and  Trenton  Metropolitan  Areas  it  has  been  estimated 
that  for  manufacturing  alone  nearly  one  job  in  every  five  depends 
upon  materials  brought  in  through  the  ports.  Also,  more  than  96,000 
employees  of  these  three  metropolitan  areas  derive  their  income 
either  directly  or  indirectly  from  the  Delaware  River  ports. 
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89.  HYDROELECTRIC  POWER.  The  importance  of  the  generation  and 
distribution  of  electric  energy  to  meet  the  requirements  of  farm,  resi- 
dential, commercial,  industrial  and  other  consumers  is  well-known.  Such 
service  is  essential  to  the  continued  growth  and  development  of  the 
region.  Hydroelectric  installations  currently  account  for  seven  percent 
of  the  total  dependable  power  capacity  of  all  plants  in  the  pertinent 
power  marketing  area  as  defined  in  Appendix  F.  Within  the  Delaware 
Basin  installed  capacity  of  existing  hydroelectric  plants  is  about 
70.000  kilowatts.  In  terms  of  electric  energy  production,  hydropower's 
contribution  is  small.  However,  in  terms  of  the  savings  that  may  re- 
sult by  the  installation  of  hydroelectric  facilities  as  compared  to 
alternative  forms  of  conventional  power  generation,  the  contribution 
that  may  be  made  through  the  generation  of  power  by  this  method  becomes 
significant.  Technical  advantages  inherent  in  hydropower  allow  its 
energy  to  be  placed  into  the  distribution  system  on  short  notice  during 
periods  of  heavy  demand  or  in  emergencies  without  incurring  additional 
fuel  costs  as  would  be  required  in  the  case  of  thermal-electric 
facilities  This  feature  makes  hydropower  particularly  unique  in  its 
ability  to  satisfy  some  portion  of  the  overall  power  demand  market. 

90.  RECREATION.  Recreation  resources  and  facilities  contribute 
to  this  region's  overall  economic  and  social  well-being  by  providing 
opportunities  for  one-day  outings,  overnight  outings  and  extended 
vacations  to  enjoy  such  activities  as  swimming,  boating,  picnicking, 
sightseeing,  going  to  the  beach,  fishing,  hunting,  camping  and  visit- 
ing museums.  Many  of  these  activities  can  be  directly  related  to  the 
water  resources  of  this  basin.  It  has  been  estimated  that  in  1955 
the  21-1/2  million  residents  of  the  service  area  recorded  over  81 
million  visitor-days  while  participating  in  various  outdoor  recrea- 
tional activities.  Of  these,  State  Park  attendance,  hunting,  and 
fishing  accounted  for  34-,  33-,  and  14  million  visitor-days,  re- 
spectively. As  population  continues  to  expand  with  continued  improve- 
ment in  its  economic  well-being  and  with  the  availability  of  more 
leisure  time,  it  is  reasonable  to  expect  that  ever  increasing  require- 
ments will  be  placed  on  existing  and  proposed  recreational  facilities. 
The  provision  of  new  and  expanded  recreational  opportunities  will  per- 
mit substantial  portions  of  this  area's  population  to  realize  the  full 
value  of  increasing  leisure  time  and  improved  living  standards.  In 
those  portions  of  the  region  where  the  recreation  industry  is  a vital 
force  to  the  local  economics,  the  expansion  of  recreational  facilities 
and  opportunities  will  be  required  as  an  element  contributing  to  their 
economic  growth.  An  indication  of  the  economic  importance  of  recrea- 
tion to  the  area  is  the  estimated  $600  million  spent  in  1956  for  vaca- 
tions within  the  Philadelphia  Federal  Reserve  Bank  District. 

91.  COMMERCIAL  FISHERIES.  Five  of  the  seven  major  ports  used 
by  commercial  fishermen  in  the  Middle  Atlantic  Area  are  located 
relatively  close  to  the  mouth  of  the  Delaware  Bay  The  bay  area 
produced  substantial  shares  of  the  total  harvest  in  the  United  States 
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of  menhaden,  oysters  and  clams.  Lewes,  Delaware,  where  landings  of  308 
million  pounds  of  commercial  fish  were  reported  in  1955  is  the  third 
ranking  fishery  port  in  the  nation.  The  two  hundred  related  manufac- 
turing and  wholesaling  establishments  dealing  with  fish  and  fishery 
products  located  in  the  region  employ  on  the  average  more  than  5,000 
persons  during  the  fishing  season  and  were  responsible  for  the  pro- 
duction of  fishery  products  valued  at  about  $50  million  in  1955. 

92.  LIMITING  FACTORS.  In  assessing  the  overall  impact  of  the 
water  resources  on  the  region,  consideration  was  given  to  the  physical 
and  economic  factors  that  limit  the  ability  of  the  water  resources  of 
this  basin  to  produce  or  augment  the  water  resource  goods  and  services 
discussed  above.  Pertinent  physical  factors  are  the  natural  flow  of 
the  surface  waters  of  the  basin,  the  adequacy  of  subsurface  sources, 
the  quality  of  the  water,  the  availability  of  suitable  storage  sites 
and  the  complimentary  and  competitive  uses  of  water  in  satisfying  more 
than  one  water  use  purpose  at  several  points  in  the  basin.  The  limiting 
economic  factors  involved  here  are  the  availability  of  investment  funds 
for  resource  development,  the  alternative  opportunities  for  optimum 
economic  gains  from  these  types  of  investments,  the  extent  to  which 
resource  development  is  required  to  sustain  and  nourish  the  economy, 

and  the  established  rules  and  practices  encountered  in  resources 
development.  The  balanced  program  for  water  resources  development 
and  production  of  water  resources  goods  and  services  therefrom  for 
this  basin  had  to  be  defined  in  a manner  consistent  with  these  limiting 
factors.  While  it  was  possible  to  identify  individual  requirements 
that  must  be  placed  on  the  water  resources  of  the  Delaware  River  Basin 
during  the  next  fifty  years,  it  was  not  possible  to  indicate  specifically 
the  nature  of  the  inter-relationships  that  exist  among  the  water  re- 
source products  as  they  collectively  relate  to  the  continued  growth  of 
the  area.  For  a balanced  program  of  resource  development,  it  was 
necessary  to  plan  for  the  production  of  as  many  of  these  products 
(known  to  contribute  to  the  region)  as  was  considered  economically 
feasible . 

93.  The  process  by  which  specific  purposes  were  chosen  for  in- 
clusion in  the  plan  of  development  required  study  of  the  physical  and 
economic  resources  available  for  development  and  the  available  alterna- 
tive production  measures  not  necessarily  tied  to  the  water  resources 

of  the  basin  that  also  satisfy  the  several  water  resources  markets. 

It  was  recognized  that  although  certain  goods  and  services  could  be 
produced  only  through  water  resources  development,  there  remained 
others,  such  as  recreation  and  the  production  of  electric  energy, 
whose  production  could  be  secured  through  developments  not  normally 
associated  with  this  resource.  In  terms  of  water  resourae  production 
measures  all  levels  of  water  control  from  simple  land  management 
measures  to  major  multi-purpose  impoundments  have  been  integrated  into 
the  plan  of  development  presented  in  this  report.  It  was  not  practical 
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nor  was  it  possible  to  consider  that  the  production  of  all  the  required 
products  could  be  secured  in  unlimited  quantities  through  water  resources 
control  only.  Thus  the  contribution  of  water  resources  development  to 
the  future  growth  of  the  regional  economy  will,  necessarily,  be  limited. 
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CHAPTER  VI 

DEMANDS  ON  WATER  RESOURCES 


94.  MEANS  FOR  ASSESSING  DEMANDS,  The  quantitative  dimensions  of 
markets  for  the  various  products  of  water  resources  development  have 
been  established  through  a series  of  examinations  of  past  and  present 
demands  on  water  resources  as  related  to  the  economic  activities  of  the 
water  service  area  and  by  broad  projections  of  the  needs  for  develop- 
ment of  water  resources  based  on  anticipated  economic  growth.  These 
examinations  and  projections  were  made  in  some  cases  by  the  Corps  of 
Engineers,  in  other  cases  by  the  agency  of  primary  concern,  and  in 
others  cooperatively  by  two  or  more  agencies.  In  all  cases,  however, 
the  evaluation  of  demands  on  water  resources  was  made  to  comply  with 
the  wishes  of  local  interests  as  expressed  at  public  hearings,  by 
correspondence,  through  representatives  on  the  Delaware  Basin  Survey 
Coordinating  Committee,  and  by  directive  from  the  Congress. 

95.  A study  of  existing  and  planned  developments  for  water  re- 
sources in  the  basin  showed  that  their  most  significant  products  and 
services  have  been  water  supply,  hydropower,  navigation,  flood  control 
and  recreation.  At  the  public  hearings  held  at  the  time  the 
comprehensive  studies  of  the  basin's  water  resources  were  initiated 

and  at  times  throughout  the  study  period,  general  interest  was  expressed 
in  broad  multiple-purpose  development  of  the  water  resources.  Included 
in  the  purposes  to  be  served  were  flood  control,  water  supply, 
hydropower,  irrigation,  recreation,  preservation  of  shell  and  fin 
fisheries,  increased  low  flows,  pollution  abatement,  navigation  and 
prevention  of  salt  water  intrusion.  Except  in  the  case  of  flood  control, 
where  a number  of  local  problems  were  cited  and  requests  made  for  stud- 
ies of  a variety  of  relief  measures,  and  in  the  case  of  water  supply, 
where  a few  local  problem  areas  were  identified,  the  requests  of  local 
interests  were  in  broad  general  terms.  As  the  study  progressed  it  was 
found  that  while  existing  needs  for  flood  control  and  certain  types  of 
water  supplies  could  be  pinpointed  geographically  with  fair  accuracy, 
future  requirements  for  supplies  of  water,  flood  control,  recreation, 
hydropower,  et  cetera,  were  best  defined  in  rather  broad  geographic 
areas  as  indicated  in  the  discussion  of  these  needs  in  the  following 
paragraphs . 

96.  SUPPLIES  OF  WATER  FOR  DOMESTIC,  MUNICIPAL.  INDUSTRIAL  AND 
RURAL  USES.  The  basin  contains  a complex  of  developments  designed  to 
satisfy  the  water  supply  needs  of  a multitude  of  specific  localities 
or  individual  users.  The  raw  waters  to  satisfy  these  needs  come  from 
surface  or  subsurface  sources  of  fresh  or  brackish  supplies.  The  most 
significant  present  withdrawals  are  made  for  municipal  water  supplies 
for  Philadelphia  and  New  York  City.  The  average  1957  withdrawals  for 
these  two  supplies  amounted  to  about  352-and  365  million  gallons  per 
cay  (mgd) , respectively.  Significant  present  individual  withdrawals 
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of  self-supplied  industrial  water  average  about  125  mgd  at  Bethlehem, 
Pennsylvania,  255  mgd  at  Morrisville,  Pennsylvania,  and  396  mgd  at 
Delaware  City,  Delaware. 

97.  The  existing  major  impounding  facilities  designed  to  augment 
available  supplies  of  surface  water  for  municipal  uses  are  shown  in 
table  VI-1. 


TABLE  VI -1 

EXISTING  MAJOR  WATER  SUPPLY  RESERVOIRS 


Reservoir 

Stream 

Supplies  in 
Billion  Gallons 

Gross  Yield 
in  Million 
Gallons/Day 

Cannonsville 

W.Br.  Delaware  R. 

95.5  1/ 

388.0 

Pepacton 

E.Br.  Delaware  R. 

140.0  1/ 

427.0 

Neversink 

Neversink  R. 

34.9  1/ 

126.0 

Wild  Creek 

Wild  Creek  2/ 

4.1 

3/ 

Penn  Forest 

Wild  Creek  2/ 

6.5 

3/ 

Ironworks  Cr. 

Neshaminy  Creek 

0.68 

12.0 

Lake  Ontelaunee 

Maiden  Creek 

4.0 

77.0 

Green  Lane 

Perkiomen  Creek 

4.4 

16.5 

Pickering 

Pickering  Creek 

0.35 

5.5 

Springton 

Crum  Creek 

3.5 

16.0 

Octorara 

if/ 

3/ 

30.0 

_1/  Based  on  maximum  depletion 
2/  In  Lehigh  River  Basin 
3/  Not  available 

4/  On  Octorara  Creek  in  the  Susquehanna  River  Basin 
with  diversion  to  the  Delaware  River  Basin 

98.  Available  supplies  of  water  are  adequate  to  satisfy  all 
present  needs  when  considering  the  basin  as  a whole  without  reference 
to  local  problems  arising  from  inequitable  distribution  of  these 
supplies.  Local  interest  at  the  hearings  and  in  correspondence  ex- 
pressed the  desire  for  general  conservation  and  development  of  the 
water  resources  of  the  basin  for  domestic,  municipal  and  industrial 
uses.  Need  was  expressed  for  increased  low  flows  to  reduce  stream 
pollution  without  reference  to  specific  localities,  to  prevent  salt 
water  intrusion  and  to  stabilize  or  force  a downstream  retreat  of  the 
salinity  front  that  now  prevails  in  the  estuary  in  the  vicinity  of 
Edgemoor,  Delaware  under  medium  flow  conditions.  During  prolonged 
periods  of  low  flow,  the  salinity  front  advances  to  Chester,  Pa.,  and 
occasionally  to  the  mouth  of  the  Schuylkill  River.  Requests  for 
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specific  developments  to  meet  anticipated  major  water  r<r;u : rements  were 
not  forthcoming  from  local  interests  during  the  ccursc  of  the  study. 
However,  solutions  to  local  water  problems  at  Tuscarora  and  Lansdale- 
North  Wales  area  in  Pennsylvania  and  Morris  County  in  New  Jersey  were 
requested  by  local  interests.  In  connection  with  these  local  water 
problems  it  was  found  that  adequate  supplies  of  suitable  water  to 
satisfy  their  needs  are  presently  available  at  some  distance  from  the 
point  of  need  and,  accordingly,  these  local  needs  were  considered  as 
imposing  no  specific  demands  on  future  water  resource  developments  in 
the  basin.  The  detailed  engineering  studies  needed  to  determine  the 
most  practical  and  economical  means  of  getting  available  water  supplies 
to  local  distribution  systems  were  not  made  as  a part  of  this  investiga- 
tion. Local  interests  in  the  State  of  Delaware  requested  studies  of 
detailed  and  extended  scope  to  determine  the  practical  aspects  and 
economic  feasibility  of  a salt  water  barrier  in  the  Delaware  River 
Estuary  to  provide  a fresh  water  impoundment  to  satisfy  anticipated 
water  needs  in  the  areas  adjacent  to  Delaware  Bay. 

99,  The  gross  water  needs  of  the  water  service  area  were  pro- 
jected to  selected  years  in  the  future  by  use  of  projected  population 
and  industrial  growth  from  the  Economic  Base  Survey  in  appendix  B,  and 
the  application  of  projected  trends  in  water  use  per  capita  and  per 
unit  of  industrial  activity  as  described  in  detail  in  appendix  P, 
Projected  gross  water  needs  for  irrigation,  stock  watering,  and  rural 
residences  were  defined  by  the  Department  of  Agriculture  based  on 
indicated  trends  in  land  use  and  farming  practices.  These  projections 
are  reported  in  detail  in  appendix  G.  Water  for  cooling  purposes  at 
future  thermal-electric  generating  facilities  were  considered  as  impos- 
ing no  specific  demands  on  developments  for  augmenting  stream  flows 
since  the  return  to  the  stream  is  equivalent  in  quantity  and  quality  to 
the  withdrawals  in  each  instance  of  such  use.  Under  these  conditions, 
and  assuming  proper  location  of  future  facilities  with  respe.ct  to 
available  natural  and  modified  stream  flows,  the  specific  demands  on 
water  resources  development  arising  from  this  type  of  use  would  be 
insignificant. 

100,  As  explained  in  paragraph  81,  the  projected  water  supply 
requirements  of  primary  interest  in  this  investigation  are  those  within 
the  basin  boundaries.  Although  New  York  City  has  indicated  a projected 
need  for  additional  water  supplies  by  year  2010,  the  question  of 
satisfying  this  need  from  the  Delaware  River  Basin  or  from  other  sources 
outside  the  basin  is  beyond  the  scope  of  this  investigation.  The 
assessment  of  stream  flow  augmentations  required  for  water  supply 
purposes  in  the  basin  was  made  by  modifying  the  projected  gross  demands 
to  take  into  account  the  present  availability  of  natural  minimum  stream 
flows,  minimum  stream  flows  augmented  by  existing  projects,  the  use  of 
ground  water,  the  use  of  brackish  supplies  where  appropriate,  and  a 
conservative  estimate  of  repetitive  use  of  water  by  successive  downstream 
users  compatible  with  the  desirability  of  maintaining  acceptable  levels 


59 


of  water  quality.  The  projected  net  surface  water  augmentations  at 
years  1965,  1980  and  2010  are  shown  by  use  categories  and  geographical 
subareas  in  table  VI-2.  The  current  (1955)  surface  water  uses,  as 
inventoried  by  the  U.  S.  Public  Health  Service  and  reported  in  detail 
in  appendix  C,  together  with  projected  gross  and  net  surface  water  needs, 
are  summarized  by  geographic  subareas  on  plate  7.  Flow  augmentations 
to  satisfy  these  surface  water  needs  are  indicated,  also  on  plate  7, 
for  key  stream  gaging  stations  in  the  basin. 

101.  REDUCTION  OF  FLOOD  DAMAGES  The  reduction  of  flood  damages 
is  an  important  service  obtained  from  control  of  the  water  resources  of 
the  basin.  Existing  developments  in  the  interest  of  flood  control  in 
the  basin  range  from  individual  efforts  for  relief  from  flood  problems 
at  very  limited  local  areas  to  major  projects  for  alleviating  community- 
wide flooding.  Local  protection  works  provided  as  municipal  or 
community  projects  are  located  at  numerous  places  in  the  basin.  Typical 
examples  of  this  type  of  project  are  found  at  Port  Jervis  New  York  and 
Burlington,  New  Jersey,  A vigorous  flood  protection  program  by  the 
Commonwealth  of  Pennsylvania  has  resulted  in  major  local  protection  pro- 
jects completed  or  under  construction  at  Ilawley,  Stroudsburg-East 
Stroudsburg  and  Weissport , Pennsylvania.  Numerous  channel  rectification, 
clearing  and  dredging  projects  have  been  completed  by  the  Commonwealth. 
Examples  of  projects  in  this  latter  category  are  those  at  White  Mills  and 
Greentown  in  the  Lackawaxen  River  Basin.  Active  watershed  associations 
have  plans  approved  under  Public  Law  566 


TABLE  VI -2 


SURFACE  WATER  REQUIREMENTS  IN  WATER  PROBLEM  AREAS  IN  THE  BASIN 


Use 

1965 

1980 

2010 

UPPER  DELAWARE  AREA 

Domestic  ar.d  Municipal 

(mgd) 

17.3 

24.0 

42.9 

Self-supplied  Industrial 

(mgd) 

12.3 

18.3 

38.3 

Agricultural 

(mgd) 

3.3 

3.9 

4.0 

Total 

(mgd) 

32.9 

46.2 

85.2 

Reqd. Surface  Water  Augmentation 

(cfs) 

0.0 

0.0 

0.0 

MIDDLE  DELAWARE  AREA 

Domestic  and  Municipal 

(mgd) 

4.5 

6.3 

12.1 

Self-supplied  Industrial 

(mgd) 

29.1 

43.1 

94.2 

Agricultural 

(mgd) 

Included 

in  Trenton-Phi] 

Total 

(mgd) 

33.6 

49.4 

106.3 

Reqd. Surface  Water  Augmentation 

(cfs) 

0.0 

0.0 

0.0 

LEHIGH  AREA 

Domestic  and  Municipal 

(mgd) 

41.3 

58.4 

108.4 

Self-supplied  Industrial 

(mgd) 

194.0 

228.5 

364.2 

Agricultural 

(mgd) 

2.4 

2,8 

2.9 

Total 

(mgd) 

237.7 

289.8 

475.5 

Reqd, Surface  Water  Augmentation 

(cfs) 

48.3 

129.0 

416.0 

UPPER  SCHUYLKILL  AREA 

Domestic  and  Municipal 

(mgd) 

52.5 

72.9 

132.7 

Self-su  'plied  Industrial 

(mgd) 

123.3 

153.3 

197.7 

Agricult  ral 

(mgd) 

Included 

in  Trenton-Phil 

Total 

(mgd) 

175.8 

226.2 

330.4 

Reqd, Surface  Water  Augmentation 

(cfs) 

0.0 

56.0 

217.0 

TRENTON -PHILADELPHIA  AREA 

Domestic  and  Municipal 

(mgd) 

583.8 

812.8 

1445.8 

Seif -supplied  Industrial 

(mgd) 

1034.7 

1141.0 

1155.3 

Agricultural 

(mgd) 

19.3 

24.4 

24.4 

Total  (Incl.  surface  losses) 

(mgd) 

1917.5 

2377.6 

3415.7 

Reqd. Surface  Water  Augmentation 

(cfs) 

0.0 

491.0 

2100.0 

WILMINGTON  AREA 

Domestic  and  Municipal 

(mgd) 

48.2 

72.0 

151.4 

Self-supplied  Industrial 

(mgd) 

933.0 

1549.0 

2744.0 

Agricultural 

(mgd) 

12.1 

14.6 

14.6 

Total 

(mgd) 

933.3 

1635.6 

2910.0 

Reqd. Surface  Water  Augmentation 

(cfs) 

1380.0* 

2380.0* 

4350. 01 

Reqd.  Fresh  Water  Augmentation 

(cfs) 

0.0 

38.7 

526.0 

*Gross  requirements  to  be  satisfied  by  fresh  and  brackish  \ • . 
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for  local  protection  projects  on  tributaries  of  the  Lackawaxen  River, 
in  the  Paulins  Kill,  Little  Schuylkill  River  and  Brandywine  Creek 
Watersheds  and  in  tae  Town  3ank  at* 1 • N'tw  Jersey,  Major  Federal 
projects  for  control  of  floods  it  the  basin  are  the  Jadwin  and  Prompton 
Reservoirs  in  the  Lackawaxen  River  Basin,  Bear  Creek  Reservoir  in  the 
Lehigh  River  3as5.n  and  local  pro  tec  tier  projects  at  Allentown  and 
Bethlehem,  Pennsylvania.  Pertinent  i"i a on  the  three  Federal  reservoirs 
are  given  in  table  VI-3. 


TABLE  VI -3 


DATA  ON  FEDERAL  RESERVOIRS  iXLtlL  OR  UNDER  CONSTRUCTION 


Reservoir 

S '..ream 

Dr... inage  Area 
Control led  in 
j'lu.  re  Miles 

Flood  Control 
Capacity  in 
Acre-Feet 

Prompton 

Lackawaxen  River 

60 

20,300 

Edgar  Jadwin 

Dyberry  Creek 

65 

24,500 

Bear  Creek 

Lehigh  River 

2S8 

108,000 

102.  The  requests  by  local  interests  for  relief  from  flood- 
ing were  varied  and  numerous  Included  were  requests  for  channel 
clearing,  dredging,  dikes,  fin >(!valls,  small  flood  detention  structures 
and  other  measures  to  alleviate  flooding  at  flood-stricken  areas  in 
general  ar.d  at  specific  localities  in  the  basin.  Among  the  latter  were 
Milanville,  Pennsylvania,  and  Godeffroy,  Port  Jervis  and  Tristate,  New 
York  in  the  Upper  Region  of  the  basis;  S troudsbt. tg-Eas t Stroudsburg, 
Northampton,  Easton  and  Tama  qua,  Penn  jylvaria  in  the  Central  Region; 
and  Bristol,  Langhorne  Terrace,  Mew  -lope,  Sellersville,  Ft.  Washington, 
Yardley,  and  Bucks  County,  I’erusyl /a.  ia  and  East  Riverton,  New  Jersey 
in  the  Lower  Region  of  the  basin. 

103.  Flood  control  needs  of  tae  basin  were  defined  from  assessment 
of  all  types  of  damages  associatec  with,  rainfall  and  runoff.  These 
include  damages  to  land  productivity  at  the  uppermost  headwater  areas 
arising  from  splash  erosion,  surface  impaction , and  surface  sealing 

from  rainfall  impact,  and  sua.ut  ar.d  gully  erosion  from  surface  runoff.  The 
Department  of  Agriculture  in  studying  the  needs  in  these  areas  found, 
as  reported  in  appendix  K,  the  . these  needs  could  best  be  expressed  in 
the  areal  extent  of  various  land  capability  classifications.  Measures 
to  satisfy  these  needs  can  be  accomplished  under  continuing  land 
management  programs  and,  therefore,  were  not  defined  in  detail  in  this 
investigation. 

104.  The  extent  cf  the  flood  problems  arising  from  excessive  flows 
in  creeks  and  streams  as  they  convey  runoff  to  the  sea  were  assessed  in 
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terms  of  the  average  annual  monetary  value  of  the  damages  in  the 
intermediate,  upstream  areas  and  the  principal  watercourse  areas.  These 
problems  were  expressed  in  terms  of  average  annual  flood  damages.  The 
latter  were  then  translated  through  planning  procedures  into  demands 
on  water  resources  in  terms  of  tne  control  needed  to  assure  desirable 
limits  of  flooding  at  particular  places  and  times.  The  effects  of  all 
existing  flood  control  projects  as  well  as  projects  under  construction 
were  taken  into  account  in  the  assessment  of  needs  for  flood  control, 

105.  Major  floods  in  the  Delaware  River  Basin  are  usually 

associated  with  severe  storms  resulting  in  widespread  heavy  precipita- 
tion, and  often  accompanying  hurricanes.  The  disastrous  flood  of 
August  1955  was  of  the  latter  type.  Total  damages  from  this  flood,  as 
determined  by  a field  survey,  were  estimated  to  be  about  $124,000,000 
at  1958  price  levels  (see  appendix  D) , Of  this  total  $86,700,000,  or 
70  percent,  were  recurring  type  damages  along  the  main  stem  and  its 
principal  tributaries.  The  remaining  30  percent  were  either  non- 
recurring damages  or  damages  in  the  uppermost  headwater  and  inter- 
mediate upstream  areas.  Average  annual  flood  damage  air:;,  » no  -vir  to  . 
and  its  principal  tributaries,  under  natural  condition  ■ i-  1956,  aii 
estimated  to  be  approximately  $9,230,000  at  January  4 . , levels. 

Existing  flood  control  measures  and  projects  under  < auction  v.  . . 
eliminate  $3,130,000  of  these  damages,  leaving  ti.eduai  average  . 

flood  damages  of  approximately  $6,100,000,  In  addition,  tudi< 
flood  damage  on  the  intermediate  upstream  tributaries  ha  e shrw  < 
average  annual  damages  in  these  reaches  are  approximately  51,770,  , 

as  discussed  in  appendix  R„ 

106,  Continued  development  of  the  flood  plain  will  increase  the 
damage  potential.  Estimates  have  been  made  of  prospec t ive  average 
annual  damagf  reflecting  projected  trends  of  development  in  the  flood 
plain.  These  projections,  discussed  in  appendix  D,  indicate  that 
average  annual  damages  along  Delaware  River,  Lehigh  River,  and 
Schuylkill  River,  and  their  respective  tributaries,  will  increase  from 
a total  of  approximately  $5,950,0 00  in  .958  to  $6,820,000  by  1980, 

and  $8,040,000  by  2010.  These  figures,  based  cn  1959  price  levels, 
may  be  taken  as  an  indication  of  the  increases  in  damages  that  are  in 
prospect  throughout  the  basin  if  adequate  flood  protection  is  not 
provided.  The  present  and  projected  magnitude  of  flood  damages  in 
these  basins  and  also  in  the  Lackawaxen  River  Basin  are  shown  in 
table  VI-4. 
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TABLE  VI -4 


PROSPECTIVE  AVERAGE  ANNUAL  FLOOD  DAMAGES  1/  BY  REACHES 
OF  PRINCIPAL  WATERCOURSES  FOR  YEARS  1958,  1980  AND  2010 


River  Reach 

1958 

1980 

2010 

Delaware  R.  and  tributaries 

$3  ,420,000 

$3,870,000 

$4,520,000 

Lehigh  R.  and  tributaries 

1,180,000 

1,290,000 

1,440,000 

Schuylkill  R.  and  tributaries 

1,350,000 

1,660,000 

2,080,000 

Lackawaxen  R.  2/ 

144,000 

144 , Q00 

144,000 

BASIN  TOTAL 

6,094,000 

6,964,000 

8,184,000 

1/  1959  price  level 

2/  No  significant  flood  plain  development 


anticipated  in  Lackawaxen  River  Basin 

107.  OUTDOOR  RECREATION  OPPORTUNITES . In  studies  by  the 
National  Park  Service  and  the  Corps  of  Engineers,  as  reported  in 
appendices  I and  W,  it  was  shown  that  water  resources  and  projects 
for  their  development  provide  important  opportunites  for  outdoor 
types  of  recreation.  Water  dependent  recreational  activities  such 
as  swimming,  fishing,  and  boating  are  very  popular  and  facilities  to 
satisfy  demands  have  been  developed  throughout  the  area.  Extensive 
facilities  have  been  developed  also  for  picnicking  and  overnight 
camping  and  while  these  activities  are  not  necessarily  water 
dependent  they  take  on  an  added  degree  of  attractiveness  when  pro- 
vided in  association  with  water.  At  the  present  time  public  and 
private  lakes  or  reservoirs  developed  specifically  for  recreation, 
and  provisions  for  recreation  at  natural  park-type  areas  and  at 
facilities  designed  for  other  purposes  serve  to  satisfy  a major  part 
of  the  needs  for  outdoor  recreation  opportunities.  Requests  by  local 
interests  for  the  development  of  recreation  opportunities  were 
expressed  only  in  general  terms  until  the  plan  of  development  was  in 
advanced  stages  of  its  formulation.  As  the  elements  of  the  plan  were 
identified,  interest  was  shown  by  State  and  local  planners  in  the 
exploitation  of  the  recreation  potentials. 

108.  In  1955  the  21.6  million  people  residing  in  the  water 
service  area  engaged  in  outdoor  activities  estimated  at  137,700,000 
visitor-days  of  one-day  outings,  75,800,000  visitor-days  of  overnight 
or  week-end  outings,  and  132,000,000  visitor-days  of  vacations  away 
from  home.  The  demands  for  facilities  sustaining  one-day  outings 
are  the  most  critical  of  all  the  recreation  requirements  of  the 
Delaware  River  water  service  area.  Studies  reported  in  appendix  W 
indicate  that  the  recreation  opportunities  to  be  derived  from  the 
development  of  the  water  resources  may  satisfy  a considerable  part 
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of  these  demands . It  was  found  also  that  water  impounding  developments 
and  state  parks  offer  opportunities  for  essentially  the  same 
recreation  activities,,  Therefore,  the  present  and  projected  needs 
satisfied  by  public  programs  of  state  par’s  type  facilities  are  the 
type  that  recreation  at  water  resources  developments  car.  effectively 
satisfy* 


109*  In  1955  the  state  parks  and  other  non-urban  state  park 
type  facilities  in  or  adjacent  to  the  Delaware  River  water  service 
area  could  accomodate  about  17*9  million  people  annually*  Studies  of 
selected  state  parks  indicate  that  the  attendance  in  1955  varied  from 
8 to  100  percent  above  their  reasonable  capacity.  There  was  a need 
for  facilities,  :.n  1955,  to  accommodate  15.7  million  visitors  in 
addition  to  the  existing  capacities.  Projections  of  the  rate  of  growth 
of  the  recreation  demand  were  made  by  considering  the  combined  effects 
of  an  ever-increasing  population  that  is  essentially  urban,  and  an 
xpancing  economy.  Demands  for  state  park  type  recreation  opportunities 
are  expected  tc.  increase  to  about  6.7  times  the  1955  demand  at  year 
2010  as  indicated  in  table  VI-5. 

TABLE  VI -5 

PROJECTED  STATE  PARK  TYPE  RECREATION  NEEDS 
FOR  DELAWARE  RIVER  WATER  SERVICE  AREA 


Year 

State  Park  Attendance 

1955 

33,600,000 

1965 

55,800,000 

1980 

98,700,000 

201C 

227,000,000 

110  The  broad  treatment  of  recreation  needs  of  the  entire 
Delaware  River  Basin  and  related  study  areas  contained  in  appendix  1 
points  out  that  the  geographic -needs  of  the  basin  are  primarily 
concerned  with  recreation  space,  recreation  facilities  and  accessibili- 
ty. In  addition  to  the  basic  recommendation  of  the  need  for  recreation 
development  of  areas  surrounding  proposed  water  control  projects,  it 
includes  a plan  for  the  preservation  and  utilization  of  outstanding 
natural,  scenic  and  historical  features  as  well  as  the  development  of 
areas  for  intensive  recreation  use,  such  as  beach  areas  on  the  lower 
Delaware  River  and  the  New  Jersey  end  Delaware  shores.  The  recreation 
potentials  at  water  resources  projects  under  consideration  would,  if 
fully  developed,  meet  a considerable  portion  of  the  non-urban  recrea- 
tion needs  of  the  Delaware  Rive:  Basin. 


111.  E^CTRIC  POWER.  The  electric  power  requirement  of  the  area 
which  would  be  affected  by  any  plan  of  development  for  the  Delaware 
River  and  its  tributaries  exceeded  55  billion  kilowatt-hours  in  1957, 
with  a peak  demand  of  11.1  million  kilowatts.  The  hydropower  develop- 
ments in  and  adjacent  to  the  service  area  in  1957  accounted  for  approx- 
imately seven  percent  of  the  total  installed  (rated)  capacity  of  gener- 
ating facilities  in  the  pertinent  power  marketing  area  as  defined  in 
appendix  F.  The  capacities  in  the  basin  were  located  as  follows. 

40,000  kilowatts  at  a plant  on  Wa 1 lenpaupack  Creek  26,000  kilowatts  at 
four  plants  on  Mongaup  River,  and,  1900  kilowatts  at  several  small  man- 
ufacturing companies.  Water  diverted  from  the  basin  to  supplement  New 
York  City's  water  supply  is  used  to  generate  hydroelectric  power  at 
25,000-kilowatt  and  18,000-kilowatt  plants  located  just  outside  the 
basin  boundaries.  Four  hydroelectric  plants  on  the  Susquehanna  River 
having  a total  installed  capacity  of  613,000  kilowatts  also  supply 
hydroelectric  energy  to  the  utility  systems  serving  the  Delaware  River 
Basin . 

112.  At  the  public  hearings  in  1956,  local  interests  requested 
that  the  hydropower  potentials  at  the  Tocks  Island,  Belvidere  and 
Chestnut  Hill  dam  sites  on  Delaware  River  be  developed  Both  public 
and  private  developments  for  these  power  potentials  were  requested. 

At  the  public  hearing  at  Phil lipsburg.  New  Jersey  on  13  April  1960, 
the  New  Jersey  Power  and  Light  Company  expressed  a willingness  to 
purchase  and  market,  at  its  expense,  any  power  generated  at  conven- 
tional hydropower  facilities  at  the  Tocks  Island  Project,  and  to  con- 
struct and/or  operate  these  facilities  at  its  expense.  The  Company 
also  proposed  to  build  and  operate,  at  its  expense,  a pumped-storage 
power  project  in  conjunction  with  the  Tocks  Island  development. 

113.  Estimates  of  future  power  requirements  were  based  on  a 
detailed  analysis  of  the  growth  of  each  of  the  principal  classes  of 
electric  utility  service,  and  on  an  extension  of  the  indicated  trends 
and  rates  of  growth  of  the  total  requirements  to  the  year  2010.  De- 
tails of  these  estimates  are  presented  in  appendix  F and  a summary  is 
given  in  table  VI-6. 
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TABLE  VI -6 


PAST  AND  ESTIMATED  FUTURE  UTILITY  POWER  REQUIREMENTS 
IN  DELAWARE  RIVER  SERVICE  AREA 
1950  - 2010 


Load 


Year 

Enerev  for  Load 

Peak  Demand 

Factor 

(Millions  of  kwh.) 

(Thousands  of  kw.) 

(Percent) 

1950 

35,028 

7,403 

54.1 

1955 

49,027 

10,145 

55.2 

1957 

55,142 

11,106 

56.7 

1960 

66,600 

13,440 

56.4 

1965 

88,100 

17,490 

57.5 

1970 

113,900 

22,230 

58.5 

1975 

144,500 

27,720 

59.5 

1980 

180,400 

34,000 

60.4 

1985 

222,100 

41,500 

61.3 

1990 

270,300 

49,600 

62.2 

1995 

325,700 

59,000 

63.0 

2000 

389,000 

69,500 

63.7 

2005 

461,200 

82,000 

64.3 

2010 

543,500 

96,000 

64.8 

114.  For  a further  indication  of  future  power  needs  in  the  general 
region  of  the  service  area,  the  future  needs  of  two  interconnected 
utility  systems,  which  serve  a major  portion  of  the  service  area,  were 
examined.  The  installation  of  over  16.5  million  kilowatts  of  capacity 
by  1980  will  be  required  to  take  care  of  the  expected  load  in  that 
year  in  the  area  served  by  the  utilities  in  the  Pennsylvania-New  Jersey- 
Maryland  interconnection,  which  is  defined  in  appendix  F.  The 
interconnected  system  of  the  New  York  State  Electric  and  Gas  Company, 
to  meet  its  future  load,  will  be  required  to  install  nearly  1.1  million 
kilowatts  of  new  generating  capacity  between  1960  and  1980.  The 
Federal  Power  Commission  has  indicated  in  appendix  F that  for  proposed 
hydroelectric  developments  at  water  resources  projects  under  considera- 
tion, there  will  exist  a ready  market  for  all  energy  that  can  be 
economically  produced  at  these  sites.  The  Department  of  the  Interior, 
as  the  prospective  marketing  agency  for  the  Federally-produced  energy 
that  might  be  generated  at  proposed  projects,  reviewed  and  generally 
concurred  in  the  views  of  the  Federal  Power  Commission  regarding  the 
marketability  of  such  energy.  The  full  statement  of  the  Department 
of  the  Interior  is  contained  in  exhibit  A of  appendix  T. 
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11 : > NAVIGATION.  Delaware  Ri  i-.c  a-,  its  '.butaries  were  once 
important  highways  cl  commerce  ever  •.  .e  er.cire  isr.g::  of  the  basin  from 
the  headwaters  to  the  capes.  However,  navigation  abo\  Trenton,  by 
rafts,  barges,  ini  other  shallow-draft  vessels,  declin'd  with  the  advent 
of  '•on  peeing  transportation  racili  tie* . There  is  at  present  little 
indication  cf  either  need  or  desire  for  navigation  improvements  in  the 
has  it  above  Trenton,  ar.d  there  appears  _■>  ce  little  prospect  at  this 
time  "i'.at  a demand  will  develop.  Navigation  was  included  as  one  of  the 
purposes  to  be  served  by  a multiple-purpose  plan  of  development  for  the 
basin's  water  resources  as  requested  by  local  interests  at  hearings. 

Late-  inquiries  made  during  the  study  failed  tc  disclose  any  interest 
in.  the  provision  of  navigable  char.,  els  above  Trento:.. 

1 16.  Delaware  River  from  Tranter,  to  the  saa  is  a busy  and 
important  navigable  waterway.  Authorized  Federal  navigation  projects 
provide  for  a channel  40-feet  deep  from  the  sea  for  126.3  miles  to 
Newbcid  Island,  thence  35-feet  deep  for  about  5-1/2  miles  tc  Trenton 
Marine  Terminal,  ther.ee  12-feet  deep  for  anout  1-1/4  miles  to  the 
Pennsylvania  Railroad  Bridge  in  Trenton.  Appu?.-i:enant  facilities  and 
numerous  tributary  channels  or.  both  sices  of  Delaware  River  and  Bay 
are  also  provided  under  the  existing  projects.  The  economic  growth  of 
the  region  has  been  directly  related  to  the  pr>  vision  and  maintenance 
of  adequate  navigatioi  facilities,  and  the  development  of  these 
facilities  has  generally  kept  pace  with  demand.  Modification  of  exist- 
ing projects  to  accommodate  the  increasing  size  arid  numbers  of  vessels 
calling  at  Delaware  River  ports  is  accomplished  as  the  r.eed  therefor 
develops . 

117.  A study  of  navigation  requirements  ar,d  facilities,  presented 
in  appendix  £,  has  indicated  that  the  current  and  foreseeable  interests 
of  navigation  are  being  adequately  served  by  existing  projects  and 
proposed  modifications,  and  that  future  demands  will  be  satisfied  by 
established  procedures.  It  was  found  that  navigation  in  Delaware  River 
does  not  have  a present  or  foreseeable  need  for  low  flow  augmentation, 
and  would  not  receive  significant  benefits  from  regulated  flows. 

lift,  FISHERIES.  The  waters  of  the  Delaware  River  Basin  support  a 
wide  variety  of  both  cold  and  warm  fresh-water  fishes,  marine  fin- fish 
and  shellfish  in  Delaware  Bay  and  vicinity,  and  anadremous  avid 
cata dromon 3 species  which  make  use  cf  both  the  tidal  waters  and  the  fresh 
water  streams.  The  fish  and  wildlife  resources  of  the  basin  are 
discussed  in  appendix  J.  The  fresh-water  fishes  include  the  cold  water 
species,  trout,  which  are  most  populous  in  the  streams  and  to  a lesser 
extent  in  the  lakes  and  ponds  of  the  Upper  Region;  »nd  the  warm  water 
species,  such  as  bass,  pickerel,  --alleys,  and  various  pan  fishes,  which 
occur  principally  in  the  lakes,  reservoirs,  and  some  of  the  larger 
streams  in  the  Upper  Region.  Heavy  demands  by  anglers,  shortage  cf 
available  fishing  areas,  lack  of  public  access  to  available  areas,  and 
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the  reduction  cf  habitat  quality  : t • ml  or  c- -.tea  inatior.  by 
sediment  and  I -..its trial  a:v  V-  £■  ste:-  ha.-.  cr'-*.ted  serious 

fresh-water  fisheries  problems. 

119.  The  req--.es  -.ad  get.  at «.  I hr  ..-.cve-v  s th.-.  f.  .erest  of 

fisheries  Included  "f.lar.wty?**  pr-  ' -.-red  or  thi  principal 

water  courses  and.  toe:  ars  vice.  pis.  ..  • g -old  c elc.  adverse 

effects  of  water  resource  ds’-r  lopman  -.s  ’I  n vvi  wildlife.  General 
requests  for  a atcl tit '.s-r'.r' ocse  pi  ' d:-.v.el.;-men*:  for  the  water 
resources  of  the  basin  included  Is',  and  wildlife  as  a project  purpose, 
and  this  was  considered  as  rsdir.g  cl.-  . . ..  •■  ■■a.rs.  of  the  fish  and 
wildlife  potential?  *t  water  .-up-'  - sots  :rA-.~:  r.sideration 

and  at  stream  reaches  belt--  s--.or  ::c/t;-s. 

120.  The  tonme rcia‘  an-:  rear-  .aari ee  fisheries  of  Delaware. 

Bay  are  among  the  xos  c pro  V:c  . iva  of  : v.-  fcnet  lean  continent. 

Commercial  cperati.r'.s  rest’  era  c-t-  . In  hlugs  for  New  Jersey  and 
Delaware  of  890  million  pounds  ir.  916.  Fifty  species  of  fin- fish  and 
twelve  species  cf  shell-/. sh  ; dr.  1-  commercial  catch.  The 

total  commercial  value  cf  the  a..f-  ; a lout  S'  3,  i-'-t  ,1.0 ' annually,  with 

menhaden  and  oysters  co-apr:  sing  ove.  hr.  if  tbs  / tel.  Ir;  1955  the  land- 
ings in  the  Delaware  Fay  area  included  f.v..rc -irv. ::.f . 22  percent  of 

the  menhaden  and  27  rarcer-t  cf  to  clams  caught  it-  ten  continental 
United  States,  including  AlasV? , d 13  p-rs.e.-.t  c-f  the  eastern  oysters. 
During  the  same  yea",  when  cr.e  f - Screes  ranked  second  among  nations 
of  the  world  in  total  catch  of  comicercinl  fisheries,  Lewes,  Delaware, 
ranked  third  amoung  the  nariev’s  port-  La:  ./crus,  with  more  than  308 
million  pounds  of  fish,  mostly  mer.-cader..  The  r« cr-eaticnal  value  of  the 
marine  fishery  is  attest*. :.  hr  apv  :v nine  ::iv  130,000  salt-water  sport 

fishermen  who  devote  about  "tC,f  ' -v  - lays  tc-  fishing  ir.  cue.  Delaware 
Bay  area  each  year. 

121.  Principal  . coblsms  associated  with  the  marine  fisheries 
include:  detrimental  -effects  : . s terms,  =efl-...er:':ation,  dredging  and 
filling  operations , industrial  -era  r-.nlcioef  axpun j.ion.,  agricultural 
expansion,  us*  of  pesticides,  ■■.  clou-  tyu-as  of  vollution.  Need 
exist*  for  data  or.  ecological  cone  . ; lo:\  - , anc  c the  affects  of  current 
ana  potential  human  --emends.  Adair;:  te  ff.ci  .li.:>.?  are  needed  tc  permit 
optimum  recrea  Lotial  of  avails  le  resources.  Important  anadromous 
fishes  of  the  basin  are  shad,  ierri-.t  and  striped  bass.  The  only 
catadromou;  species  is  the  eel.  Runs  into  Delaware  River  and  its 
tributaries  by  all  these  fishes  have  displayed  a downward  trend  during 
the  past  several  decade: , r :1  .dually  due  ::  pollution  in  Delaware 
River  between  Torresdale  art  Marcus  cook.  Within  the  past  two  or  three 
years,  however,  runs  of  shad,  aerrtng  and  striped  bass  have  increased 
in  size.  It  is  considered  that  Ice  future  demands  placed  on  water 
resources  by  fisheries  will  be  ori  tpally  related  to  water  quality. 


Any  mark  of!  c :mge  in  the  nature  of  t're  available  ■.•eter  nay  adversely 
affect  the  fisheries,  and  any  concern  la  cod  major  physical  change  should 
be  carefully  co  siderec  in  the  light  1 its  c ' : ec t o..  the  water  and 
dependent  fishery. 

122.  Wli.D_.17i . In  studies  reported  or  in  c ■ per.dix  2 it  was  found 
that  the  Up]  : d P.eg.iou  of  the  basin  La  u :t  . . 1;  Important  as  habitat 

and  hunting  area,  for  white- tai led  fleer  r...c!  stellar  forms  of  forest  game » 
Large  numbers  c.  pheasants,  :.•••  . rabbits,  £ r.d  deer  are  supported  in 

much  of  the  Central  Region,  arc.  these,  rsse"  ret  attract  an  extremely 
heavy  sport  soar:  use.  Tne  Coasts  lie!  r n -■->  r'.  ’o  a limited  amount  of  high 
quality  uflani  game  land,  bet  : 'ey  port  a significant  amount  of 
recreational  use.  The  broad  marshes  of  t'-e  L.v  . • Region  section  are  of 
particular  -•/:  Id.' L fe  value,  provid:  a habitat  area  for  millions  of 

migratory  bites,  including  ducks,  geese,  rails,  and  a wide  variety  of 
other  marsh  and  shore  bird  spec  es„  They  also  provide  habitat  for 
muskrats,  which  nave  important  econo:  r val.'.us  for  many  leca . residents. 

122.  Wild,:  :e  population  in  the  basin  and  its  relationship  to  the 
future  economy  and  recreation  of  the  area,  provide  a basis  for 
determining  rel.a  ed  water  resource  demands.  Continued  expansion  of  the 
economy  anr'  population  will  place  ar  ever -i. ac teasing  pressure  on  these 
wildlife  populations.  Development  c f .'.sc  water  resources  should  be 
accomplishec  w ch  full  consideration,  of  the  needs  for  hunting. 

124.  WA17.R  QUALITY.  The  Public  Health  Service  in.  ir.s  study  of 
water  quality,  as  reported  in  append:;:  C,  relied  upon  dissolved  oxygen 
content  of  the  water  as  an  indicated  of  stream  quality  conditions. 
Dissolved  oxygen  is  of  primary  interest  or ly  wh-n  it  falls  below  certain 
limits,  thereby  inhibiting  particular  warei  uses.  ?or  example,  various 
standards  have  been  adopted  fixing  aesira  <le.  '.aits  at  not  less  than 
4.0  or  5.0  parts  per  million  (ppm'  of  dissolved  oxygen.  Some  regu- 
lating agencies  feel  that  these  limits  are  necessary  to  maintain  both 

a varied  fish  population  and  '‘healthy'  flora  , »o  fauna  ir.  the  streams. 

A stream  or  body  of  water  Is  considered  septic  when  the  dissolved  oxygen 
approaches  depletion.  The  upper  limit  (or  saturation)  for  dissolved 
oxygen  depends  on  water  temperature  and  many  other  factors,  but  for 
comparative  purposes  it  may  be  assumed  to  >e  of  the  order  of  magnitude 
of  10  ppm. 

125.  The  headwaters  of  the  Delaware  River  Basin  in  the  area  from 
Port  Jervis,  New  York  to  Eastor.,  Pennsylvania,  are  generally  of  excellent 
quality  in  all  respects.  Increased  population  densities  and  industriali- 
zation in  the  vicinity  of  Easton  and  in  tne  Lehigh  River  valley  result  in 
a slight  degrada.tion  in  the  quality  of  the  Delaware  River  below  the 
confluence  of  the  Lehigh  River.  From  Easton  to  Trenton,  New  Jersey, 

the  stream  characteristics  indicate  that  the  water  is  presently  of  good 
quality  and  capable  of  serving  a variety  of  uses.  The  dissolved  oxygen 
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profiles  of  the  Delaware  River  above  Trenton,  as  defined  in  appendix  C, 
are  shown  in  figure  1,  plate  8.  Considering  the  projected  increase  in 
' population  for  1965  and  1980,  it  is  expected  that  there  will  be  no 

change  in  the  dissolved  oxygen  content  of  the  river  from  the  head- 
waters to  Trenton  because  expanded  sewering  and  sewage  treatment  will 
take  care  of  the  increased  pollution  load  as  the  population  rises.  In 
general,  the  Delaware  River  in  this  reach  can  be  expected  to  be  of 
such  quality  as  to  support  a wide  variety  of  water  uses  during  the  period 
ending  at  year  2010. 

126.  The  dissolved  oxygen  profiles  for  the  tidal  section  of  the 
Delaware  River  from  Trenton  to  Delaware  Bay  are  shown  in  figure  2, 
plate  8.  Studies  by  the  Public  Health  Service  indicate  that  in  this 
reach  of  the  river  a decrease  in  pollution  loading  took  place  from  1950 
to  1957;  however,  the  dissolved  oxygen  levels  were  not  materially 
affected.  Based  on  correlations  of  pollution  load,  annual  temperatures 
and  90-day  average  flows  at  Trenton  with  annual  dissolved  oxygen,  the 
Public  Health  Service  concluded  that  changes  in  annual  dissolved  oxygen 
levels  were  determined  to  a large  degree  by  variations  in  the  amounts 
of  fresh-water  inflow  across  any  one  year.  From  this  it  was  concluded 
further  that  variations  of  dissolved  oxygen  within  any  one  year  reflect 
variations  in  fresh  water  flows.  Increased  population  and  industrial 
activities  for  the  period  to  2010  will  result  in  an  increase  in  the 
present  total  pollution  load  to  Delaware  River  below  Trenton  as  shown 
in  table  VI -7. 

TABLE  VI -7 


ESTIMATED  POLLUTION  LOAD  AND  TRENDS  IN  DISSOLVED  OXYGEN 


YEAR 

TOTAL 
POLLUTION 
LOAD  1/ 

ANNUAL  AVERAGE 
OXYGEN  IN  % OF 
AT  BEN 

FRANKLIN  BRIDGE 

DISSOLVED 

SATURATION 

AT 

MARCUS  HOOK 

1940 

1,000,000 

31 

40 

1950 

880,000 

37 

40 

1957 

780,000 

31 

33 

1958 

770,000 

4/ 

4/ 

1980 

930,000  2/ 

5/ 

5/ 

2010 

900,000  3/ 

5/ 

5/ 

1/  5-day  average  biochemical  oxygen  demand  (BOD),  pounds  per  day. 

2/  Based  on  median  conditions  of  removal  efficiency  (50%)  of  total  load 
from  tributary  areas. 

3/  Based  on  best  conditions  of  removal  efficiency  (70%)  of  total  load 
from  tributary  areas.  1,400,000  lbs.  BOD  per  day  based  on  present 
conditions  of  removal  efficiency  (307.)  of  total  load. 

4/  Not  available. 

5/  Not  projected  because  of  the  dominant  influence  of  prevailing 
stream  flows,  which  will  vary. 
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127.  Based  on  trends  in  historical  water  qualities  for  various 
pollution  loads  for  the  years  1940,  1950  and  1957  as  shown  in  table 
VI-7,  it  is  estimated  that  water  quality  at  year  2010  will  be  between 
the  conditions  which  existed  iri  1940  and  those  which  existed  in  1950. 
However,  increasing  industrial  technologies  in  the  future  may  result 
in  complex  organic  chemical  constituents  assuming  greater  importance 
than  BOD  in  the  assessment  of  future  stream  quality  conditions. 

Should  substantial  pollution  removal  not  be  accomplished,  the  quality 
of  the  estuary  will  progressively  deteriorate.  However,  the  efforts 
of  the  various  water  pollution  control  agencies  which  have  been  so 
effective  in  the  past  can  be  assumed  to  continue,  and  it  does  not 
appear  that  quality  conditions  will  be  allowed  to  retrogress  to  the 
levels  of  20  years  ago. 

128 . WATER  DEMANDS  ARISING  FROM  LAND  USE.  A primary  demand 
placed  on  available  supplies  of  water  arises  from  use  of  the  land 
areas.  The  extent  of  present  demands  of  this  nature  are  reflected  in 
the  available  ground  and  surface  waters  of  the  basin.  However,  future 
changes  in  land  use  could  materially  alter  present  water  supply 
conditions.  As  a basis  for  assessing  the  probable  extent  of  such 
changes  the  Department  of  Agriculture  defined  anticipated  land  use 
patterns  at  selected  years  in  the  future  and  reported  on  these  in 
appendix  K.  The  extent  and  nature  of  present  and  anticipated  major 
uses  of  land  in  the  basin  are  as  shown  in  table  VI-8. 

TABLE  VI -8 

PRESENT  AND  FUTURE  MAJOR  LAND  USES  IN  DELAWARE  RIVER  BASIN  1/ 


Major 

Area  2/  in  Use  at 

Years 

Shown 

Uses 

Current 

1975 

2010 

2060 

Cropland 

2.3 

2.1 

1.9 

1.7 

Pasture 

0.4 

0.4 

0.3 

0.3 

Woodland 

3.7 

3.3 

3.1 

2.9 

Idle 

0.3 

0.3 

0.3 

0.3 

Urban 

0.7 

1.3 

1.8 

2.2 

J J Excludes  0.U  million  acres  in  various  other  uses. 

2/  Millions  of  acres  in  rounded  figures. 

129.  General  evaluations  of  the  probable  effects  of  these 
anticipated  changes  in  land  use  indicate  that  water  losses  through 
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consumptive  plant  transpiration  should  decrease  modestly  as  addi- 
tional lands  are  converted  to  urbanization  over  the  50 -year-de- 
velopment period  under  consideration.  Decreases  in  these  lo  es  would 
tend  to  increase,  by  very  small  amounts,  the  available  ground  and 
surface  waters.  The  expanding  urbanization  also  would  tend  us  increase 
the  magnitude  and  increase  the  frequency  of  local  flooding  in  the 
areas  affected  by  this  expansion. 

130.  SEDIMENTATION.  Sheet  erosion  is  believed  to  be  the 
predominant  source  of  sediment  in  the  lower  part  of  the  basin;  channel 
erosion  and  bank  scour  are  considered  to  be  the  principal  sediment 
sources  in  the  steep  upland  areas.  It  was  found  in  studies  reported 
on  in  appendix  H that  the  sediment  loads  vary,  both  in  time  and  place  and  that 
most  of  the  sediment  in  the  Delaware  River  Basin  is  transported  by  a 
relatively  few  intense  storms.  Annual  suspended-sediment  loads  of 
the  Delaware  River  at  Trenton,  based  on  eight  years  of  record,  range 
from  59  to  342  tons  per  square  mile,  equivalent  to  depths  ranging 
from  0,0005  :o  0.003  inches,  respectively,  from  each  unit  of  the  surface 
area.  The  estimated  average  annual  load  of  tributaries  varies  from 
33  tons  per  square  mile  on  the  Bushkili  to  2?0  tons  per  square  mile 
on  Neshaminy  Creek.  Suspended  sediment  concentrations  in  streams  in 
the  basin  are  low  much  of  the  time.  The  combined  average  annual 
suspended  load  during  tne  period  1954-1957  for  the  Delaware  River  at 
Trenton,  New  Jersey,  the  Schuylkill  River  at  Philadelphia,  Pennsylvania 
and  Brandywine  Creek  at  Wilmington,  Delaware,  was  1.41  million  tons 
or  158  tons  per  square  mile  of  drainage  area.  If  the  same  load 
applies  to  the  remainder  of  the  basin,  a total  of  approximately  two 
million  tons  are  lost  from  the  basin  annually.  If  the  same  conditions 
of  cover  and  land  use  were  continued  for  50-years,  the  indicated  loss 
would  be  100  million  tons,  equivalent  to  a depth  of  about  0.067  inches 
from  the  entire  land  surface  of  the  basin.  While  this  indicated  loss 
may  be  pessimistic  there  is  little  doubt  that  definite  needs  exist 
for  land  treatment,  bank  protection  and  other  measures  to  preserve  the 
surface  soils  of  the  basin  and  diminish  the  sediment  inflow  to  channels 
and  harbor  developments  in  the  tidal  section  of  the  river. 

131.  DRAINAGE.  Water  resource  development  must  include 
consideration  of  the  drainage  or  other  management  of  coastal  marsh 
areas,  interior  swamp  areas,  and  other  wetlands,  as  appropriate. 

Primary  interest  in  these  areas  in  the  Delaware  Basin  has  been  centered 
on  their  relationship  to  fish,  wildlife  and  recreation.  Efforts  have 
been  made  to  drain  certain  critical  areas  in  the  interest  of  mosquito 
control.  Drainage  was  provided  for  salt  hay  culture  and  other 
agricultural  purposes.  Diking  of  extensive  tidal  marsh  areas  in 
Delaware  and  New  Jersey  and  the  provision  of  sluices  to  control  water 
levels  in  the  areas  were  conducive  to  the  production  of  muskrats,  which 
was  of  noteworthy  significance.  Local  interests  requested  that 
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measures  be  provided  to  improve  drainage  impeded  by  the  disposal  of 
material  dredged  from  the  navigation  channel  and  anchorages,,  The 
State  of  Delaware,  in  appendix  0,  attaches  great  significance  to  the 
marshlands  as  potential  food  and  material  production  sites.  In  this 
respect,  experiences  with  low-level  land  reclamation  in  Holland  are 
cited  as  indicative  of  what  could  be  accomplished  in  some  areas  of 
the  Delaware  basin  by  the  construction  of  dikes,  and  a drainage  control 
system  to  gradually  wash  salinity  from  the  diked  areas. 

132.  SUMMARY,  Local  interests  favor,  generally,  the  develop- 
ment and  execution  of  a comprehensive  multiple-purpose  plan  for  the 
development  of  the  water  resources  of  the  Delaware  River  Basin. 

However,  specific  requests  at  hearings  and  by  correspondence  related, 
primarily,  to  flood  control  and  the  relief  from  flood  damages.  The 
desires  of  local  interests  with  regard  to  the  goods  and  services  to 
be  gained  by  a comprehensive  plan  of  improvements  were  developed 
generally  through  working  arrangements  between  Federal  agencies 
cooperating  in  the  investigation  and  their  State  and  local  counter- 
parts . 


133.  In  assessing  the  dimensions  of  the  overall  markets  for  the 
products  of  water  resources  development  it  was  found  that,  in  addition 
to  the  requirements  for  the  control,  of  flood  flows,  projected 
populations  and  industrial  activities  indicated  a very  significant  need 
for  the  conservation  and  control  of  surface  flows  of  all  magnitudes 

to  assure  adequate  supplies  of  water  in  the  future  to  sustain  munic- 
ipal, industrial  and  rural  activities.  Also,  projections  of 
population,  personal  income  and  leisure  time  indicated  a compelling 
need  for  state  park  type  facilities  for  recreation.  The  projected 
population  and  industrial  activities  over  the  50 -yea-  period  under 
consideration  indicated,  further,  an  ever -expanding  ’maid  for 
electric  energy.  This  demand  assures  a ready  market  or  electrical 
energy  that  can  be  economically  produced  at  water  resource  projects. 
Thus,  major  needs  for  the  products  and  services  t.c  be  gained  from 
development  of  the  basin's  water  resources  were  found  to  be  in  the 
fields  of  flood  control,  water  supply,  recreation  and  hydroelectric 
power. 

134.  Demands  for  other  products  and  services  such  as  navigation, 
fish  and  wildlife  preservation,  water  quality,  land  use,  sedimenta- 
tion, and  drainage,  usually  associated  in  varying  degrees  with  water 
resources,  were  found  to  create  no  direct  requirements  for 
developments  which  could  be  included  in  the  scope  of  the  proposed 
plan.  This  is  net  to  say  that  they  place  no  requirements  on  water 
resources  but,  rather,  that  they  are  or  can  be  satisfied  under 
present  conditions  of  development  or  as  incidental  requirements  placed 
on  future  developments. 
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135.  The  needs  for  the  products  of  water  resources  development 
determines  the  nature  and  scope  of  a comprehensive  plan  to  satisfy  the 
demands.  Some  of  these  needs  are  competitive.  Irrigation  is  a 
consumptive  use  of  water  and  competes  with  other  uses  for  its  share. 
Water  supply,  power  and  recreation  require  semi -permanent  pools  of 
water  stored  on  a long-term  basis  in  reservoirs  while  the  temporary 
or  short-term  storage  of  excess  flood  flows  requires  that  an  empty 
reservoir  or  additional  capacity  above  semi-permanent  pools  be 
provided.  Urban  expansion  frequently  takes  over  agricultural  land  and 
often  increases  the  threat  of  flooding.  To  satisfy,  in  a balanced 
manner,  the  needs  engendered  by  these  factors,  it  is  necessary  to 
provide  improvements  to  control  and  utilize  the  water  resources  of 
the  Delaware  River  Basin. 
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CHAPTER  VII 

PLAN  FOR  DEVELOPMENT  OF  WATER  RESOURCES 


136.  DEFINITION  OF  THE  PLAN.  In  formulating  the  plan  to  sat- 

isfy the  needs  of  the  basin  for  the  products  and  services  of  water 
resource  development,  a variety  of  measures  were  considered.  These 
measures  fall  into  three  distinct  categories:  (a)  major  control 

impoundments  to  regulate  streamflow  in  the  principal  watercourses 
and  to  provide  pools  for  recreation,  fish  and  wildlife  habitat  and 
the  production  of  hydroelectric  power;  (b)  small  control  impound- 
ments to  regulate  streamflow  in  local  upstream  reaches  and  to  pro- 
vide pools  to  satisfy  local  recreation  needs;  and  (c)  measures  and 
programs  for  land  and  water  use  to  eliminate  or  ameliorate  needs 

by  environmental  changes.  These  three  types  of  measures  are  uol 
entirely  independent  since  they  act  together  in  complimentary 
fashion  to  contribute  to  the  overall  effectiveness  of  the  plan 
either  by  direct  satisfaction  of  needs  through  measures  to  control 
extreme  flows  and/or  by  indirect  satisfaction  of  needs  by  removal 
of  contributory  causes. 

137.  The  first  category  of  measures  considered  is  represented 
in  the  plan  by  a proposed  system  of  major  dams  and  reservoirs,  the 
second  by  a proposed  system  of  small  dams  and  reservoirs,  and  the 
third  category  by  l variety  of  related  programs.  Included  in  the 
latter  are  land  management,  soil  conservation,  reforestation,  con- 
trol of  use  and  occupance  of  the  flood  plain,  conservation  of  v/a  e 
by  reuse  in  industry,  improvement  of  water  quality  by  removal  of 
pollution  loads,  and  continuation  and  improvement  of  hydrologic 
d\ta  collection  with  particular  reference  to  water  use,  groundwater 
quantities  and  characteristics,  and  water  quality. 

138.  The  broad  principles  followed  in  the  formulation  of  the 

plan  of  development  were:  (a)  that  the  needs  for  products  and  ser- 

vices of  water  resource  development  are  real  in  the  sense  that 
they  exist  or  will  come  into  existence  at  indicated  dates  during 
the  next  50  years;  (b)  that  the  plan  provide  for  congruent  satis- 
faction of  expanding  needs  in  a balanced  manner  with  the  least  in- 
vestment in  water  resources  and  funds;  and  (c)  that  the  scale  of 
development  of  each  project  be  such  as  to  provide  the  maximum 
excess  of  benefits  over  costs.  The  first  of  these  principles 
provided  the  planning  criteria  for  selection  of  an  array  of  projects 
having  capabilities  for  meeting  the  needs  in  a timely  manner.  The 
second  principle  imposed  the  planning  requirement  of  selecting  the 
most  economical  projects  from  a variety  of  alternatives  and  times 
for  their  development.  The  third  principle  required  the  definition 
of  project  sizes  and  internal  allocations  to  various  project  pur- 
poses in  such  manner  as  to  define,  where  practicable,  the  optimum 
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level  of  development  as  indicated  by  the  greatest  justifiable  excess 
of  benefits  over  costs.  The  selection  and  sizing  of  the  projects  and 
programs  included  in  the  three  categories  of  measures  referred  to  above 
j constituted  the  formal  planning  studies  made  in  connection  with  this 

investigation  and  reported  in  detail  in  the  appendices. 

139.  MAJOR  CONTROL  PROJECTS.  Projects  to  satisfy  major  segments 
of  widespread  needs  for  supplies  of  raw  water,  flood  control  in  the 
principal  watercourse  areas,  recreation,  hydropower  and  other  products 
of  wa  er  resources  development  were  selected  from  successive  determina- 
tions by  discrete  screenings  applied  to  193  potential  major  dam  sites 
in  all  parts  of  the  basin.  Further  evaluations  were  applied  to  seven 

of  these  to  assure  maximized  net  returns  from  the  major  control  projects. 
Nineteen  major  control  projects  were  selected  as  elements  of  vhe  plan 
of  development.  These  projects  are  scheduled  for  varying  degrees  of 
initial  development.  The  first  group  of  eleven  projects,  listed  in 
geographic  order  from  upstream  to  downstream  in  table  VII- 1,  would  be 
developed  for  multiple-purposes  at  indicated  times  prior  to  year  2010. 

The  second  group  of  eight  projects,  also  listed  in  the  same  geographic 
order  in  table  VII-1,  would  be  initially  developed  prior  to  year  2010 
for  the  sole  purpose  of  recreation  with  multiple-purpose  development 
deferred  to  the  time  of  need  some  time  after  year  2010.  The  major 
control  pro  ects  in  the  plan  are  described  individually  in  paragraphs 
165  to  135  below  and  their  locations  are  indicated  on  plate  9 bound 
at  the  end  of  the  text. 

1 40 . General  characteristics  of  the  ma  |Or  control  projects . 

The  basic  functions  of  the  proposed  ma_or  impoundments  are  character- 
istically associated  with  storage  allocations  that  are  used  either  for 
short-term  impoundments,  as  for  the  control  of  excess  flood  flows,  or 
for  long-term  impoundments,  as  in  the  case  of  seasonal  and  annual 
carryovers  for  water  supply,  recreation  and  power  generation.  Of  the 
i9  major  control  projects,  eight  will  have  short-term  storage  alloca- 
tions for  the  control  of  flood  flows,  eleven  will  have  long  term 
storage  allocations  for  augmenting  supplies  of  raw  water,  two  will 
have  long  Lerm  storage  allocations  and  facilities  for  the  generation 
of  hydroelectric  power,  and  all  of  the  19  projects  will  have  facil- 
ities to  exploit  the  recreation  potentials  of  the  general  project 
areas.  The  recreation  lands  and  facilities  to  be  provided  at  the 
eleven  ma  ■:>  p > jOcts  proposed  for  multiple-purpose  development 
prior  to  year  2010  have  been  placed  in  two  general  categories;  (a) 
those  that  would  be  directly  related  to  development  of  water  re- 
sources at  the  site;  and  (b)  those  thai  would  be  indirectly  asso- 
ciated with  the  water  resource  development.  The  directly  related 
facilities  include  beaches,  boat  ramps,  picnic  areas,  overnight 
camp  grounds,  roads,  parking  areas  and  other  improvements  for 
recreation  in  the  vicinity  of  the  proposed  water  area.  The  in- 
directly related  facilities  include  group  camping  grounds,  over- 
looks, recreational  administration  areas  and  other  recreation 
facilities  in  the  peripheral  areas  at  a distance  from  the  water. 

80 


i 


TABLE  VIII 


WATER  CONTROL  PROJECTS  IN  PLAN  OK  DEVELOPMENT 

STORAGE  AND  POOL  E LEVA I IONS 


Long- 1 • : 

St..  ! 

•Ten 

7 

tal 

Inactive 

A i j x . 

El. -vat  ion 

E leva lion 

Dra  t n 
Cross 

K- 

\ 

Ca parity 

Ele vat  ion 
Top  of  Pool 

E i • • ' 

Capai.  lty  Top  ..  1 Poo  1 

Capacity 

Top  of 
poo  1 

Top  of 
Pool 

Project 

St i ear 

( sq  .ini  . 

(sq.mi.) 

(•*•  . It.) 

( 1 1 . r. . S.  1 . j 

( • u) 

<_»t  . .*.1.) 

('.  . U7) 

(ft.  . 

( . . It.) 

( : t . • . fc . 1 . ) 

H.iwk  Mount  un 

E.Br. Delaware  R..N.Y. 

fc  1 2 

MAJOR  CONTROL  PROJECTS 

440  1/  uO.OOO  1,006  233,000 

1 ,062 

293.000 

1 .062 

Prorapton  2/ 

Lac ka waxen  R. . Pa. 

60 

60 

3,400 

l .125 

28,000 

1,180 

20,300 

1 .205 

51,700 

1 ,205 

locks  Island 

Delaware  R..N.J.,  Pa. 

3,627 

2,412  3/ 

60,000 

350 

410,000 

410 

. 

4 26 

765,000 

42fc 

Bear  Creek  2/ 

Lehigh  R.  . Pa. 

266 

266 

2.000 

1,300 

70,000 

l ,425 

106.000 

1 .461 

180,000 

1 ,461 

Bel Civil le 

Pohopoco  Cr.,  Pa. 

97 

75  4/ 

1 ,200 

525 

40,000 

615 

27,000 

641 

68 , 200 

041 

Aquashicola 

Aquashicola  Cr..Pa. 

60 

66 

1 .000 

435 

24 . 000 

483 

20,000 

503 

45,000 

503 

T rexler 

Jordan  Cr. , Pa. 

51 

51 

600 

41o 

24 . 20C 

4 79 

14,000 

492 

39,000 

492 

Maiden  Cr. 

Ma iden  Cr . , Pa . 

lol 

lol 

2,000 

323 

74,000 

381 

38 , 000 

394 

114,000 

394 

Blue  Marsh 

Tulpehocken  Cr.,  Pa. 

174.5 

174.5 

1.500 

249 

14,500 

279 

33,000 

303 

49.000 

303 

Newark 

White  Clay  Cr. , Del. 

o7 

o7 

1 ,000 

98 

30,000 

156 

- 

- 

31 .000 

156 

Christ iana 

Christina  R. , Del. 

41 

41 

1 ,000 

23 

3o, 000 

49 

" 

“ 

37,000 

49 

W Bel  ow  Pe  pact  on  Reservoir 

2/  Modification  of  existing  authorized  flood  control  proje 
M iielo-  Cannons  vil  le , Pepact*ui,  Hawk  Mountain,  Never  wink 
4/  Bel-  . Wild  Creek  Reservoir 

ct 

and  Prompt  on 

Reservoirs 

MAJOR  CONTROL  PROJECTS  TO  BE  DEVELOPED  IN  TWO  STAGES 


(STORAGE 

AND  POOL 

ELEVATIONS 

FOR  2ND  STAGE 

MULTIFLE- 

PURPOSE  POOL.) 

Paulina 

Pauli ns  Kill . N. J. 

122 

122 

4,000 

403 

51 ,000 

465 

- 

35,000 

<*65 

Pequest 

Pequest  R. . N.J. 

100 

100 

3,000 

455 

38.000 

507 

- 

- 

41 ,000 

507 

Racket ts town 

Musconetcong  R. , N.J. 

70 

70 

1,000 

630 

22,000 

665 

- 

- 

23.000 

665 

New  Hampton 

Musconetcong  R. , N.J. 

123 

53  5/ 

2,000 

375 

42,000 

426 

- 

- 

44,000 

426 

Tohickon 

Tobickon  Cr. . Pa. 

75 

75 

1,500 

335 

30.000 

388 

- 

- 

31 ,500 

388 

No -town 

Nes hammy  Cr.  . Pa. 

150 

150 

2,000 

114 

60,000 

1 76 

- 

- 

82,000 

176 

Fr*»tv.  h Creek 

French  Cr. , Pa. 

47 

47 

1,300 

240 

25.700 

289 

- 

- 

27,000 

289 

E v ins burg 

Skippack  Cr. , Pa. 

54 

54 

1 .500 

125 

23,500 

16b 

- 

25,000 

166 

N.  r iii. i ipplic  ible  upon  completion  of  proposed  li.i  v.  ket  t s town  Reservoir 

K Si.  . vel  pment  tor  re  r eat  ion  is  indie,  ited  with  mult i -purpose  development  alter  2010 


’ p.  et 
Date 


2001 

1974 

1975 
1 989 
1965 
1981 
1972 
19fc2 
.969 
1975 
I960 


6/ 

6/ 

6/ 

6/ 

6/ 

6/ 

6/ 

6/ 


SMALL  CONTROL  PROJECTS 


Parkslde  (PcB) 

Cranberry  Cr.,  Pa. 

6.8 

6.8 

52 

768 

- 

• 

Swi  ttwater  Cr.  , P.‘ . 

9.7 

9. 7 

71 

888 

- 

Jioi  Thorpe  (Hzb) 

Mauch  Chunk,  Cr.,  Pa 

6.8 

6.8 

80 

952 

- 

W • - 1 0 

West  Brook,  N.Y. 

21.5 

21.5 

140 

- 

- 

On- 2 

East  Brook , N.Y. 

3.9 

3.9 

35 

- 

- 

Lm-2 

N.Br.  Callicoon  Cr., 

N.Y. 

13.8 

13.8 

96 

- 

- 

Pc-l 

Devils  Hole  Cr.,  Pa. 

4.8 

4.8 

40 

- 

- 

P -2 

Rattlesnake  Cr.,  Pa. 

2.6 

2.6 

26 

- 

- 

Pc -5 

Trib.  Buck  Hill  Cr . , 

Pa. 

1.5 

1.5 

20 

- 

- 

Pc -6 

Trib.  Paradise  Cr.  . 

Pa. 

1.0 

1.0 

14 

- 

- 

Pc -7 

Trib.  Rattlesnake  Cr 

. , Pa . 

1.5 

1.5 

20 

- 

- 

Pc -10 

Forest  Hill  Run,  Pa. 

3.3 

3.3 

31 

- 

- 

Pc-ll 

Tank  Cr. , Pa. 

2.2 

2.2 

23 

- 

- 

Bu-l 

Leavitt  Br.,  Pa. 

5.3 

5.3 

43 

- 

- 

Bu-5 

Poplar  Run,  Pa. 

2.4 

2.4 

24 

- 

- 

Bu-0 

Pine  Mountain  Run,  Pa. 

2.  7 

2.  7 

27 

- 

- 

Bu-7 

Trib.  Brodhead  Cr., 

Pa. 

1.2 

1.2 

15 

- 

- 

Bu-10 

Trib.  Brodhead  Cr.. 

Pa. 

2.5 

2.5 

25 

- 

- 

Pc- 12 

Scot  Run,  Pa. 

1.7 

1.7 

19 

- 

- 

Pc- 13 

Trib.  Scot  Run,  Pa. 

1.4 

1.4 

17 

- 

- 

P -14 


Poc ono  Cr..  Pa. 


45 


Pc- 1 5 

Swamp  Run,  Pa. 

2.5 

2.5 

25 

- 

- 

Pc- 16 

Trib.  Pocono  Cr. , Pa. 

1.2 

1.2 

15 

- 

- 

Pc- 17 

Trib.  Pocono  Cr. , Pa. 

1.2 

1.2 

15 

- 

- 

Pc- 18 

Reeders  Run,  Pa. 

3.5 

3.5 

32 

- 

- 

Pc -19 

Rocky  Run,  Pa. 

2.4 

2.4 

24 

- 

- 

Pc -20 

Bulgers  Run,  Pa. 

1.7 

1.7 

19 

- 

- 

P -21 

Cranberry  Cr. . Pa. 

2.1 

2.1 

22 

- 

- 

Pc -22 

Wigwam  Cr.  , Pa. 

1.7 

1.7 

19 

- 

- 

WG-l 

E.Br.  Monocacy  Cr.,  Pa. 

2.0 

2.0 

34 

- 

- 

DG-1 

Little  Martins  Cr.,  Pa. 

2.4 

2.4 

39 

- 

- 

WG-5 

Bushkil 1 Cr. , Pa. 

24.8 

24.8 

248 

- 

- 

Gt  - 1 

Trib.  Tacony  Cr. , Pa. 

1.9 

1.9 

52 

- 

- 

Gt-10 

Little  Neshaminy  Cr. . Pa. 

12.0 

12.0 

210 

- 

- 

Gt  - 1 1 

Park  Cr.,  Pa. 

10.9 

10.9 

195 

- 

Nt  -1 

W. Br . Stony  Cr. , Pi. 

2.1 

2.1 

56 

- 

- 

Nt-2 

Trib.  Stony  Cr . , Pi. 

2.4 

2.4 

hi 

- 

Gt  4 

Trib.  Sa nd v Run , Pa . 

1.9 

1.9 

52 

- 

- 

Gt*  l J 

Trib.  Sandy  Run.  Pa. 

1.0 

1.0 

37 
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2,218 

822 

2,2/0 

822 

7/ 

3,279 

942 

3,350 

942 

7/ 

1 ,520 

976 

1 ,o00 

976 

7/ 

4,58  7 

- 

4,727 

- 

7/ 

832 

- 

867 

- 

7/ 

2,944 

- 

3,040 

- 

7/ 

1,022 

- 

1 ,0b2 

- 

7/ 

554 

- 

580 

- 

7/ 

320 

- 

340 

- 

7/ 

213 

- 

227 

- 

7/ 

320 

- 

340 

- 

7/ 

703 

- 

734 

7/ 

469 

- 

492 

U 

1 .129 

- 

1 .172 

- 

7/ 

511 

- 

535 

- 

7/ 

575 

- 

602 

- 

7/ 

256 

- 

271 

- 

7/ 

532 

« 

557 

- 

7/ 

362 

- 

381 

- 

7/ 

298 

- 

315 

- 

7/ 

1,193 

- 

1 .238 

7/ 

532 

- 

557 

7/ 

25b 

- 

271 

7/ 

256 

- 

271 

- 

7/ 

746 

- 

778 

- 

7/ 

511 

- 

535 

7/ 

36  2 

- 

381 

7/ 

44  7 

- 

469 

- 

7/ 

362 

- 

381 

- 

7/ 

427 

- 

46l 

7/ 

512 

- 

551 

7/ 

5,291 

- 

5,540 

- 

V 

404 

- 

456 

- 

7/ 

2,560 

- 

2,770 

- 

7/ 

2.325 

- 

2,520 

- 

11 

448 

- 

504 

- 

7/ 

512 

- 

573 

- 

7/ 

405 

457 

- 

7/ 

213 

- 

250 

- 

:/ 
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These  indirectly  related  facilities  are  not  necessarily  dependent 
on  the  water  resource  development  but  are  essential  to  a fuller  re- 
alization of  the  project's  recreation  potential.  To  provide  sound 
planning  bases,  the  recreation  lands  and  facilities  were  designed 
as  an  integrated  unit  for  development  of  directly  and  indirectly 
related  recreation  potentials  for  the  major  control  projects.  The 
overall  recreation  lands  and  facilities,  thus  defined  for  the 
various  projects,  were  segregated,  by  field  appraisals,  office 
studies  and  professional  judgment,  into  balanced  developments  for 
the  directly  related  and  indirectly  related  categories.  The 
directly  related  recreation  developments  were  used  as  bases  for 
allocating  project  costs  to  recreation  as  a project  purpose  as 
described  in  the  following  chapter.  From  consideration  of  the 
general  manner  in  which  the  indirectly  related  recreation  lands 
and  facilities  would  be  associated  with  the  overall  project  de- 
velopment, these  indirectly  related  features  were  considered  to 
be  desirable  recreation  reserves  for  individual  local  development 
as  local  recreation  needs  and  programming  indicate  to  be  desirable 
and  warranted.  Accordingly,  the  development  of  the  latter  features 
was  not  considered  as  a project  purpose  in  cost  allocations. 

141.  As  indicated  in  table  VII- 1,  eight  projects  in  the  first 
group  will  have  a total  of  535,300  acre-feet  of  short-term  storage 
and  all  eleven  projects  in  this  group  will  have  a total  of  1,137,000 
acre-feet  of  long-term  storage.  Of  the  latter,  153,900  acre-feet 
are  provided  as  inactive  storage  to  assure  acceptable  minimum  pool 
surfaces  for  recreation,  to  compensate  for  the  anticipated  accumu- 
lation of  sediment  in  the  various  projects  during  their  useful  life 
and,  in  the  case  of  the  Hawk  Mountain  and  Tocks  Island  Projects,  to 
assure  desirable  minimum  operating  levels  for  power  generation. . 

The  overall  effects  of  the  first  eleven  major  control  impoundments 
on  the  stream  flows  in  the  basin  and  the  extent  and  nature  of  the 
services  to  be  gained  from  the  plan  of  development  are  discussed  in 
the  following  chapter  of  this  report  The  second  group  of  eight 
major  control  projects  when  fully  developed  will  have  only  long-term 
storage  amounting  to  a total  of  308,500  acre-feet  of  which  16,300 
acre-feet  will  be  inactive.  The  specific  functions  of  each  major 
control  element  of  the  plan  are  discussed  as  features  of  the 
individual  project  description  in  subsequent  paragraphs. 

142.  SMALL  CONTROL  PROJECTS.  Projects  for  the  control  of  the 
uneven  stream  flows  at  local  problem  reaches  in  the  intermediate 
upstream  areas  were  selected  from  successive  evaluations  of  386 
potential  small  dam  sites  in  the  basin.  The  sites  investigated  in 
this  category  included  all  practical  small  dam  and  reservoir  poten- 
tials to  control  drainage  areas  of  one  to  twenty  square  miles  in 
extent.  Details  of  the  study  of  small  control  projects  are  pre- 
sented in  appendix  R.  Thirty-nine  small  control  projects,  as 
listed  in  table  VI I - 1 , were  found  to  have  sufficient  economic  merit 
to  warrant  their  inclusion  in  the  plan  of  development.  These 
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projects  are  proposed  for  early  development  for  local  flood  control; 
and  for  recreation,  water  supply  and  other  purposes  to  the  extent 
warranted  by  local  needs  as  indicated  by  local  interests  at  the  time 
preconstruction  studies  are  undertaken.  Thirty-six  of  these  pro- 
posed small  control  projects  might  be  accomplished  under  existing 
programs  and  continuing  authorizations  contained  in  Public  Laws  566 
and  685;  provided  the  detailed  studies,  required  under  these  author- 
ities, confirm  the  appraisals  made  herein.  Three  of  the  small  con- 
trol projects,  namely,  the  Parkside,  Swiftwater  and  Jim  Thorpe 
Projects,  exceed  cost  limitations  imposed  by  Public  Law  685,  but  they 
are  eligible  for  accomplishment  under  Public  Law  566,  subject  to 
approval  by  the  Senate  Agriculture  and  Forestry  Committee  and  the 
House  Agriculture  Committee.  The  latter  three  projects  are  described 
individually  in  paragraphs  186  to  189  below.  Pertinent  data  on  the 
remaining  36  projects  are  given  in  table  VII-1.  The  location  of  each 
small  control  project  is  shown  on  plate  9 bound  at  the  end  of  the  text. 

143.  General  characteristics  of  the  small  control  projects. 

The  small  control  projects  are  proposed  primarily  for  flood  control. 

As  indicated  in  table  VII-1,  these  39  projects  as  now  proposed  will 
have  a total  of  40,400  acre-feet  of  short-term  storage  and  2,020 
acre- feet  of  inactive  long-term  storage  for  the  accumulation  of  sedi- 
ment. However,  water  supply  storage  may  be  included  as  a purpose  in 
these  projects  if  local  interests  so  desire  at  the  time  detailed 
studies  are  undertaken.  Inclusion  of  such  storage  in  a project  to 

be  accomplished  under  Public  Law  685  would  be  in  accordance  with  the 
provisions  of  the  Water  Supply  Act  of  1958.  Should  the  inclusion  of 
water  supply  storage  cause  the  project  estimate  to  exceed  the  federal 
funds  expenditure  limitation  imposed  by  Public  Law  685,  local  inter- 
ests would  be  required  to  make  a lump  sum  payment  of  the  amount  in 
excess  of  the  limit  before  initiation  of  construction.  Where  water 
supply  storage  is  included  as  a purpose  in  projects  developed  under 
Public  Law  566,  it  would  be  necessary  for  the  local  interests  to  obli- 
gate themselves  for  the  payments  of  the  total  cost  of  the  water  supply 
features  of  the  structure.  There  are  no  provisions  under  Public  Law 
566  for  the  local  interests  to  defer  payment  for  water  supply  develop- 
ment, and  therefore  the  total  amount  would  have  to  be  arranged  for 
prior  to  initiation  of  construction.  The  overall  effectiveness  of 
the  39  small  control  projects  in  reducing  flood  damages  and  the 
extent  of  recreation  opportunities  to  be  provided  at  the  Parkside, 
Swiftwater  and  Jim  Thorpe  Projects  are  discussed  in  the  following 
chapter. 

144.  OTHER  PROGRAMS  FOR  LAND  AND  WATER  USE.  The  optimum  de- 
velopment of  the  water  resources  of  the  basin  depends  not  only  on 
impoundments  but  also  upon  the  application  and  extension  of  a 
variety  of  land  and  water  use  programs.  Such  programs  tend  to 
satisfy  local  needs  and  reduce  widespread  regional  needs  for  pro- 
ducts and  services  of  water  resources.  In  most  instances  these 
programs  have  been  proposed  by  those  public  and  private  agencies 
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contributing  to  the. various  fields  of  water  resource  development 
considered  in  this  investigation  and  usually  can  be  pursued  as 
local  applications  of  active  continuing  programs.  Their  role  in 
the  development  of  the  water  resources  is  in  the  satisfaction  of 
those  needs  that  are  left  unsatisfied  by  control  projects  because 
of  physical,  economic  or  geographic  constraints.  These  programs 
often  depend  on  expensive  and  sustained  action  by  local  interests 
and  it  would  be  presumptive  to  hazard  assessments  of  their  costs, 
extent  of  applicableness  or  effectiveness.  Nevertheless  the  pro- 
grams discussed  in  the  paragraphs  below  are  considered  worthwhile 
features  of  the  comprehensive  plan  for  the  development  of  the 
water  resources  of  the  Delaware  River  Basin. 

145.  Other  programs  foi  reduction  of  flood  losses.  Portions 
of  the  needs  for  relief  from  flooding  and  overland  runoff  reside 
in  the  uppermost  headwater  areas  and  the  intermediate  upstream 
areas  of  the  basin.  These  needs,  because  of  economic  and  geo- 
graphic limitations,  often  remain  unsatisfied  by  major  control 
structures  on  the  principle  watercourses.  No  plan  for  the  con- 
trol and  utilization  of  all  surface  water  resources  of  the  basin 
would  be  properly  determined  without  due  consideration  of  the 
needs  in  these  areas.  The  importance  of  this  segment  of  the  water 
control  is  attested  by  the  magnitude  of  agricultural  flood  damages 
which  ranged  from  five  to  twelve  thousand  dollars  per  square  mile 
on  small  watersheds  in  the  1955  flood.  As  indicated  above,  small 
control  structures  offer  potentials  for  the  satisfaction  of  these 
needs  and  have  been  studied  as  a feature  of  this  investigation. 

In  addition  to  the  39  small  reservoirs  selected  as  elements  of 
the  plan  of  development,  watershed  associations  are  actively 
planning  small  control  measures  for  a number  of  intermediate  up- 
stream areas.  Approved  plans  are  in  various  stages  of  activation 
in  five  tributary  watersheds  as  indicated  in  paragraph  101  above. 

146.  The  land  management  programs  of  the  Department  of  Agri- 
culture are  generally  the  most  effective  means  of  alleviating 
damages  from  overland  flows  in  the  uppermost  headwater  areas  of 
the  basin.  In  assessing  these  needs  that  Department  in  appendix 
K,  established  the  extent  of  land  areas  currently  in  use  in  eight 
standard  land  capability  classes  and  indicated  the  nature  of  con- 
servation needs  for  each  class.  For  example,  there  are  about 
1,750,000  acres  of  Class  III  lands  in  the  basin  suited  primarily 
to  cultivation.  These  lands  are  moderately  sloping  or  wet  lands, 
and  the  indicated  conservation  needs  are  strip  cropping,  terraces 
and  drainage.  The  extent  and  indicated  management  measures  for 
the  various  classes  of  land  capabilities  in  the  basin  are  shown 

in  table  VII-2.  Although  land  management  programs  are  active  in 
the  basin,  much  remains  to  be  done  to  assess  the  effectiveness  of 
indicated  measures,  to  establish  an  integrated  basinwide  program 
and  to  implement  such  a program  to  accomplish  optimum  control  of 


the  overland  flows  in  the  basin. 


147.  Reforestation  is  cited  by  the  Department  of  Agriculture 
as  a land  management  measure.  With  programs  to  control  cuttings 
and  forest  fires,  encourage  natural  growth  and  replace  low  value 
species  by  high  quality  future  stands,  benefits  would  be  realized 
in  the  control  of  flood  runoff  and  the  enhancement  of  timber  re- 
sources. About  one-half  of  the  land  area  of  the  basin  is  occupied 
by  forests  of  which  one-fourth  contains  stands  of  marketable 

t imber . 

148.  Controlled  use  of  the  flood  plains  of  the  basin  provides 
excellent  potentials  for  the  alleviation  of  flood  damages.  In- 
cluded in  programs  of  this  type  are  such  measures  as  prevention  of 
channel  encroachment,  zoning  to  regulate  development  and  recon- 
struction in  the  flood  plains,  adjustments  in  the  occupance  of 
lands  and  structures  subject  to  flooding,  and  evacuation  of  the 
flood  plain  either  on  a permanent  basis  to  provide  for  parks  and 
other  developments  not  susceptible  to  serious  damage  by  flooding, 
or  on  a temporary  basis  by  flood  warning  arrangements.  Programs 

to  control  the  use  of  the  flood  plains  would  be  entirely  feasible 
in  some  areas  and,  as  indicated  in  appendix  Q,  data  for  use  in 
planning  the  programs  ape  available.  The  effective  application 
of  any  or  all  of  the  possible  measures  to  control  the  use  of  the 
flood  plains  will  require  that  local  interests  initiate  and  ad- 
ministrate such  programs  Zoning  and  similar  devices  for  con- 
trolling flood  plain  developments  come  under  the  general  cate- 
gory of  policing  powers,  delegated  by  the  Constitution  to  the 
States  and,  in  turn,  usually  delegated  to  counties,  townships 
and  municipal  governments.  In  the  Delaware  River  Basin  this 
power  is  delegated  by  the  States  of  New  York,  New  Jersey  and 
Delaware,  and  the  Commonwealth  of  Pennsylvania  to  their  various 
subdivisions.  New  York,  New  Jersey  and  Pennsylvania  have 
specific  statutes  that  allow  municipalities  to  incorporate  flood 
plain  zoning  provisions  in  municipal  zoning  ordinances.  In 
Delaware  the  Attorney  General's  office  could  find  no  authority 
competent  to  act  in  the  public  interest  in  flood  plain  zoning. 
Pennsylvania  and  New  Jersey  have  enacted  and  are  enforcing  laws 
that  contain  channel  encroachment  provisions. 

149.  Programs  to  control  the  use  of  flood  plains  appear 
particularly  applicable  at  local  communities  where  local  protec- 
tion works  were  found  to  be  economically  infeasible  at  this  time. 
Local  flood  damage  centers  that  were  studied  for  possible  flood 
protection  measures  are  listed  in  table  VII-3.  In  most  of  these 
cases  relatively  costly  local  protection  works  were  found  to  be 
economically  infeasible  and  unless  the  community  is  located  in 
damage  reaches  downstream  from  proposed  control  projects  or  is 
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LOCAL  FLOOD  DAMAGE  CENTERS 

Area  Flooded 

Locality 

Stream 

Flood 

Acres 

Remarks 

Margaretvllle , N.  Y. 

E.Br.  Delaware  R. 

Nov.  1950 

100 

a , 

Rockland,  N.Y. 

Beaver  Kill 

Nov.  1950 

40 

a ,b 

Roscoe,  N.Y. 

Willowemoc  Cr. 

Nov.  1950 

65 

a ,b 

Livingston  Manor,  N.Y. 

L.  Beaver  Kill  & Willowemoc  Cr. 

Nov.  1950 

40 

a ,b 

South  Sterling,  Pa. 

Wallenpaupack  Cr. 

Aug.  1955 

10 

a .c 

Newfoundland,  Pa. 

Wallenpaupack  Cr. 

Aug.  1955 

50 

a 

Greentown,  Pa. 

Wallenpaupack  Cr. 

Aug.  1955 

10 

b 

Tusten  Township,  N.  Y. 

Ten  Mile  River 

- 

* 

a 

Milanville,  Pa. 

Calkins  Cr. 

- 

• 

a ,c 

Liberty,  N.Y. 

Mongaup  R. 

- 

- 

a , b 

Port  Jervis,  N.Y. 

Delaware  R.  & Neverslnk  R. 

Aug.  1955 

50 

b 

Claryville,  N.  Y. 

Neversink  R. 

- 

- 

a 

Wurtsboro,  N.Y. 

Wilsey  Brook 

- 

- 

a , c 

Sullivan  County,  N.Y. 

Sheldrake  Stream 

- 

- 

a 

Westbrookvllle , N.Y. 

Basher  Kill 

- 

- 

a 

Haven,  N.Y. 

Basher  Kill 

- 

- 

a 

Godeffroy,  N.Y. 

Neverslnk  R. 

- 

- 

a ,b 

Port  Jervis,  N.Y. 

Hollow  Brook 

- 

- 

a 

' Milford,  Pa. 

Saw  Kill  Cr. 

- 

- 

a ,b 

Branchvllle,  N.J. 

Culver  Cr. 

- 

- 

a 

Newton,  N.  J. 

Paul ins  Kill 

Aug.  1955 

20 

b 

BLairstown,  N.J. 

Paullns  Kill 

Aug.  1955 

70 

a 

Belvidere,  N.J. 

Delaware  R.  & Pequest  R. 

Aug.  1955 

50 

a 

Easton,  Pa. 

Delaware  R.  & Lehigh  R. 

Aug.  1955 

265 

b 

Phllllp8burg , N.J. 

Delaware  R. 

Aug.  1955 

160 

b 

Canadensis,  Pa. 

Brodhead  Cr. 

Aug.  1955 

40 

b 

Tannersville,  Pa. 

Pocono  Cr. 

Aug.  1955 

20 

b 

Lehlghton,  Pa. 

Lehigh  R. 

Aug.  1955 

35 

b 

Bowmanstown,  Pa. 

Lehigh  R. 

Aug.  1955 

15 

a 

Palmerton,  Pa. 

Lehigh  R. 

Aug.  1955 

10 

a 

SLatington,  Pa. 

Lehigh  R. 

Aug.  1955 

3 

b 

Walnut port.  Pa. 

Lehigh  R. 

Aug.  1955 

5 

b 

Treichler,  Pa. 

Lehigh  R. 

Aug.  1955 

5 

b 

Catasauqua,  Pa. 

Lehigh  R. 

Aug.  1955 

25 

b 

Freemansburg , Pa. 

Lehigh  R. 

Aug.  1955 

60 

a 

Bath,  Pa . 

Monocacy  Cr. 

Aug.  1955 

15 

b 

Rlegelsvllle , Pa. 

Delaware  R. 

Aug.  1955 

100 

b 

New  Hope,  Pa. 

Delaware  R. 

Aug.  1955 

80 

b 

Yardley,  Pa. 

Delaware  R. 

Aug.  1955 

150 

b 

Trenton,  N.J. 

Delaware  R. 

Aug.  1955 

250 

b 

Hamilton  Township,  N.J. 

Assunplnk  Cr. 

- 

- 

e 

Burlington,  N.J. 

Delaware  R. 

Aug.  1955 

580 

b 

Bensalem  Township,  Pa. 

Neshamlny  Cr. 

- 

- 

a 

Chalfont,  Pa. 

Neshamlny  Cr. 

Aug.  1955 

55. 

b 

Newportvllle , Pa. 

Neshamlny  Cr. 

Aug.  1955 

60 

b 

Luaberton,  N.J. 

Rancocas  R. 

- 

- 

a ,e 

Taaaqua , Pa. 

L.  Schuylkill  R.  & Wabash  Cr. 

Aug.  1955 

95 

b 

Kutztown,  Pa. 

Sacony  Cr. 

Aug.  1955 

175 

b 

Shoemakersvllle , Pa. 

Schuylkill  R. 

- 

- 

a ,b 

Reading,  Pa. 

Schuylkill  R. 

Aug.  1955 

130 

b 

Blrdsboro,  Pa. 

Schuylkill  R. 

Aug.  1955 

10 

a 

Pottstown,  Pa. 

Schuylkill  R. 

Aug.  1955 

250 

b 

Sellersvllle , Pa. 

Perkiomen  Cr. 

- 

- 

a ,b 

Norristown,  Pa. 

Stony  Cr. 

Aug.  1955 

85 

a ,b 

Norristown,  Pa. 

Schuylkill  R. 

Aug.  1955 

40 

b 

* Norrlatown,  Pa. 

Saw  Mill  Run 

Aug.  1955 

70 

b 

Whitemarsh,  Pa. 

Wissahlckon  Cr. 

- 

- 

b,d 

Westville,  N.J. 

Big  Timber  Cr. 

- 

- 

a , e 

Upper  Darby,  Pa. 

Naylor's  Run 

- 

- 

e 

Darby,  Pa. 

Darby  Creek 

- 

- 

e 

Upland , Pa. 

Chester  Creek 

- 

- 

e 

Pomeroy,  Pa.  (Chester  Co.) 

Buck  Run 

- 

- 

a 

Eddystone,  Pa. 

Crum  Creek 

- 

- 

e 

Downing  town , Pa. 

E.  Br.  Brandywine  Cr. 

Aug.  1955 

80 

c,d 

Coatesville,  Pa. 

W.  Br.  Brandywine  Cr. 

Aug.  1955 

90 

c,d 

Wilmington,  Del. 

Little  Mill  Cr. 

July  1952 

200 

f 

AIL  areas  studied  after  1955  flood. 

a.  Studies  based  on  questionaries  and  field  reconnaissance  indicated  insufficient  flood 
damages  to  warrant  detailed  consideration  of  costly  Improvements. 

b.  Local  flood  damage  problems  evaluated  in  comprehensive  survey  and  taken  Into  account 
in  defining  plan  of  development. 

c.  Flood  protection  works  provided  or  proposed  by  the  State. 

d.  Flood  protection  works  provided  or  proposed  under  PL  566  or  FL  685. 

a.  Flood  problems  arise  from  local  channel  encroachments,  local  encroachment  on  tidal 
areas  or  Inadequate  local  storm  drainage. 

f.  Being  studied  for  possible  accomplishment  under  PL  685  (as  of  Sept.  I960). 
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protected  by  measures  provided  by  State  or  local  interests,  the 
local  flood  problems  will  remain  substantially  unchanged  under 
the  proposed  plan  of  development.  Each  of  these  localities  may 
profit  by  the  application  of  local  programs  to  control  the  occu- 
pance  and  use  of  the  flood  plain  in  its  local  area.  In  accord- 
ance with  Section  206  of  the  Flood  Control  Act  of  1960,  the 
Corps  of  Engineers,  may  upon  request  of  a state  or  responsible 
local  government  agency,  provide  data  and  information  which  will 
assist  in  planning  adequately  for  flood  plain  use  in  their  com- 
munities. 

150.  Other  programs  to  satisfy  water  needs  The  major  con- 
trol projects  were  designed  to  satisfy,  to  year  2010,  the  esti- 
mated demands  for  supplies  of  water  for  all  purposes  within  sub- 
areas  of  the  water  service  area.  However,  practical  and  economic 
considerations  will  result  in  those  metropolitan  centers,  com- 
munities, industries  and  other  riparian  users  conveniently  lo- 
cated with  respect  to  the  reservoirs  and  augmented  streamflows 
being  the  principal  beneficiaries  of  the  water  supply  features  of 
the  plan  of  development.  The  small  control  projects  discussed 
earlier  in  this  chapter  should  be  considered,  at  the  time  detailed 
studies  are  made,  as  possible  partial  solutions  to  local  water 
supply  problems  in  some  areas  Rural  users  and  small  communities 
will  continue  to  rely  mainly  on  ground-water  sources  at  least 
until  such  time  as  the  quality  of  surface  waters  or  the  distri- 
bution of  centrally  treated  supplies  of  surface  waters  makes  their 
use  convenient  and  economical  for  the  rural  users.  Under  these 
conditions  and  with  a view  to  assuring  an  equitable  supply  of 
water  to  all  users  in  the  future,  it  is  imperative  that  specific 
programs  for  the  controlled  use  and  conservation  of  the  basin's 
water  resources  and  preservation  of  their  quality  be  vigorously 
administered  by  local  interests  in  the  basin. 

151.  In  1955  ground-water  resources  were  used  to  satisfy  440 
mgd  or  about  15  percent  of  the  water  needs  (exclusive  of  cooling 
water  for  thermal-electric  generation)  in  the  basin.  In  its  in- 
ventory of  the  ground-water  resources  of  the  basin,  as  reported  in 
appendix  N,  the  U.  S.  Geological  Survey  found  that  ground-water 
suitable  for  most  uses  may  be  developed,  at  least  in  small  quanti- 
ties, almost  anywhere  in  the  basin.  In  the  Coastal  Plain  large 
quantities  of  fresh  water  can  generally  be  developed  except  near 
the  ocean  and  Delaware  Bay,  and  except  as  influenced  by  the  inland 
extension  of  salt  water  in  certain  aquifers  The  unused  ground- 
water  resources  in  the  Coastal  Plain  were  estimated  at  about  800 
mgd  that  are  susceptible  of  economic  use.  The  potential  ground- 
water  supply  in  the  Appalachian  Highlands  was  estimated  at  3,900 
to  4,900  mgd.  The  U.  S.  Geological  Survey  in  appraising  this 
supply  indicated  that  only  a small  fraction  of  this  potential 
supply  can  be  developed  feasibly.  In  many  places  wells  developed 


in  permeable  .deposits  near  streams  may  induce  recharge  at  rates  far 


greater  than  the  natural  recharge  rates  and  development  of  large 
supplies  in  such  cases  would  be  at  the  expense  of  stream-flow,  at 
least  until  the  withdrawals  are  returned  eventually  to  the  stream. 

In  the  estimates  of  gross  and  net  water  requirements  reported  in 
appendix  P,  about  1,400  mgd,  or  eleven  percent,  of  the  requirements 
at  year  2010  for  seven  water  problem  areas  in  the  basin  and  coastal 
region,  was  assumed  to  come  from  ground-water  supplies.  This  repre- 
sents virtually  all  ground-water  resources  presently  considered 
available  for  economic  use  in  the  seven  water  problem  areas.  The 
extent  of  this  projected  ground-water  usage  focuses  attention  on 
the  need,  at  an  early  date,  for  basinwide  programs  for  continuous 
accumulation  of  complete  data  on  current  ground-water  usage;  for 
rigid  control  of  the  magnitude  and  geographic  distribution  of 
ground-water  withdrawals;  and  for  augmenting  these  resources,  where 
the  geologic  formations  permit,  by  artificial  ground-water  recharge, 
subsurface  storage  of  surface  water  excesses,  and  similar  measures. 
The  U.  S.  Geologic  Survey  has  been  engaged  actively,  in  cooperation 
with  the  States,  in  the  collection  of  ground-water  data,  but  expan- 
sion of  these  activities  will  be  required  in  the  future  as  water 
uses  increase  in  the  basin.  The  other  programs  needed  in  connec- 
tion with  ground-water  are  presently  considered  to  be  in  the  area 
of  State  responsibility,  and  their  extent  and  effectiveness  rest 
with  that  level  of  government 

152.  The  problem  of  deficient  natural  supplies  of  surface  and 
ground-waters  in  the  southern  basin  areas  adjacent  to  Delaware  Bay 
and  in  the  Coastal  Plain  may  some  day  be  solved  by  the  desalting 
and  purification  of  sea  water  or  brackish  water  Present  minimum 
costs  of  such  processes  are  many  times  the  cost  of  providing  fresh 
water  by  impoundments  in  the  Delaware  River  Basin  ($0.03  per  1,000 
gal.).  Conventional  distillation  processes  today  can  desalt  sea 
water  at  a cost  of  $2.00  - $3.00  per  1,000  gallons.  Recent  improve- 
ments in  desalting  techniques  are  expected  to  reduce  this  cost  to 
$1.00  per  1,000  gallons.  Membrane  processes  have  been  demon- 
strated capable  of  producing  fresh  water  from  brackish  water  (4,000 
ppm  dissolved  solids)  at  costs  ranging  from  $0.30  to  $0.80  per 
1,000  gallons.  Such  plants  have  been  designed  and  installed  with 
capacities  up  to  2.5  million  gallons  per  day.  The  office  of  Saline 
Water  Conversion,  of  the  U.  S.  Department  of  the  Interior,  has  re- 
ported world-wide  inventories  of  progress  in  this  field  in  its 
series  of  Research  and  Development  Progress  reports. 

153.  Programs  to  preserve  water  qualities.  As  discussed  in 
paragraph  126  above,  the  waters  of  the  Delaware  River  below  Trenton 
receive  tremendous  waste  loads.  In  the  reach  of  the  river  from 
Trenton  to  Wilmington,  the  U.  S.  Public  Health  Service  lists  in 
appendix  C sixteen  municipal  waste  disposal  facilities  that  served 
in  1958  a total  population  of  2,874,000,  or  more  than  40  percent  of 
the  total  population  of  the  basin.  These  facilities  discharged  to 
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the  river  in  1958  an  average  daily  flow  of  365  mgd  carrying  an 
estimated  pollution  load  equivalent  to  a population  of  2,250,000. 
Because  of  pollution  control  measures,  the  pollution  loads  in 
this  reach  have  been  steadily  decreasing  since  1940  in  spite  of 
an  increasing  population  during  that  period.  However,  the  pollu- 
tion load  discharged  to  the  river  in  1958  provides  opportunity 
for  much  improvement  in  the  field  of  pollution  load  removal.  The 
present  level  of  the  overall  removal  of  the  pollution  load  to  the 
estuary,  the  Public  Health  Service  reported  in  appendix  C,  is 
about  32  percent  including  discharges  of  raw  and  treated  munici- 
pal sewage.  In  projecting  the  pollution  loads  as  discussed  in 
paragraph  126  above  it  was  anticipated  that  the  increased  inter- 
ception of  waste  and  increased  efficiency  of  treatment  will  in- 
crease the  level  of  pollution  load  removal  to  50  percent  at  year 
1930  and  70  percent  at  year  2010.  To  achieve  such  levels  of  re- 
moval increasing  emphasis  will  need  to  be  placed  on  sewage  treat- 
ment and  sewage  treatment  research.  It  is  apparent  that  accept- 
able water  qualities  in  the  basin  will  depend  on  a continued  and 
vigorous  program  to  increase  waste  removal  efficiencies  to  assure 
a 70  percent  removal  of  future  raw  pollution  loads. 

154.  Water  conservation  programs.  The  general  water  use 
habits  of  the  people  of  the  basin  and  water  service  area  have 
evolved  from  a long  history  of  bounteous  supplies  of  high  quality 
water  available  to  the  individual  or  corporate  users  for  the  tak- 
ing. The  exercise  of  strict  water  conservation  practices  possibly 
would  serve  to  prolong  the  current  era  of  reasonably  adequate 
water  quantities  and  delay  the  time  of  constructing  extensive  and 
costly  developments  to  augment  raw  water  supplies  Many  water 
conservation  practices  have  been  proven  feasible  in  water  deficient 
areas.  Probably  the  most  effective  for  use  in  this  area  would  be 
internal  recycling  of  water  used  by  industry  and  increased  repeti- 
tive use  of  water  as  it  flows  from  the  headwater  levels  of  the 
basin  to  the  sea.  In  both  of  these  possibilities  the  problems  of 
water  pollution  may  act  to  set  constraints  on  the  practical  limits 
of  their  application.  However,  it  is  apparent  that  the  practice 

of  conservation  measures  in  the  use  of  water  has  much  to  offer  in 
an  area  such  as  the  Delaware  River  Basin  where  projected  population 
and  industrial  activity  foretell  dwindling  surpluses  of  raw  water. 
Programs  by  local  interests  to  encourage  the  acceptance  and  practice 
of  all  possible  water  conservation  measures  should  be  features  of 
any  plan  to  develop  the  water  resources  of  the  basin. 

155.  Other  programs  to  provide  recreation  opportunities. 
Appendix  I contains  an  inventory  of  all  non-urban  public  park  and 
recreation  developments  in  the  Delaware  River  Basin.  These  in- 
clude 96  state  and  county  parks,  15  state  forests,  99  hunting 
and  fishing  areas,  9 state  and  county  historical  sites,  3 forest- 
park  reservations,  3 national  wildlife  refuges,  one  Federal  reser- 
vation and  one  Federal  historic  site.  This  reflects  the  present 
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capacity  of  recreation  developments  in  the  basin  including  recreation 
developments  similar  to  those  proposed  in  connection  with  water  storage 
and  control  projects. 

156.  Within  the  Pennsylvania  portion  of  the  Delaware  River  Basin 
there  are  13  state  parks  with  a total  of  37,231  acres;  1 state  forest 
of  71,387  acres  on  which  are  located  four  separate  recreation  areas; 

29  state  game  areas  with  a total  of  110,660  acres;  8 public  fishing 
areas  totalling  1,159  acres;  and  4 historical  sites  with  a total  of 
260  acres.  The  parks  are  fairly  well  distributed  with  regard  to 
population  centers,  whereas  the  state  forest  and  fish  and  game  areas 
are  located,  for  the  most  part,  in  the  middle  and  upper  part  of  the 
basin.  In  addition,  there  are  213,579  acres  of  cooperative  farm-game 
program  lands  open  for  public  hunting. 

157.  Existing  park  and  recreation  developments  within  the  New 
Jersey  portion  of  the  basin  include  15  state  parks  ranging  in  size 
from  12  acres  to  10,935  acres,  with  a total  of  17,882  acres;  8 state 
forests  totalling  56,177  acres;  2 forest-park  reservations  of  96,000 
and  6,200  acres;  and  a total  of  87,027  acres  of  public  shooting  and 
fishing  areas.  New  Jersey  also  administers  18  historic  sites  through- 
out the  state. 

158.  Existing  park  and  recreation  developments  within  the  en- 
tire state  of  Delaware  include  3 state  parks  with  a total  of  1,079 
acres;  6 state  forests  totalling  4,709  acres;  29  wildlife  and  fish- 
ing areas  with  a total  of  14,858  acres,  of  which  5,000  acres  are 
lands  of  the  Chesapeake  and  Delaware  Canal,  and  2,650  acres  of 
state  beach  lands  extending  14.6  miles  along  the  shore;  and  one 
historic  site.  These  recreation  areas  are  administered  by  five  dif- 
ferent agencies  of  the  state  government . 

159.  Within  the  New  York  portion  of  the  basin  there  are  no 
state  parks;  there  are,  however,  234,610  acres  in  the  Catskill 
Forest  Preserve,  ■ ne  game  management  area  and  57  miles  of  stream 
easement  wholly  or  partially  within  the  confines  of  the  basin  area 
which  are  used  to  some  extenL  for  nonurban  outdoor  recreation. 

160.  Appendix  1 contains  proposals  relating  to  the  expansion 
and  further  facility  development  of  15  state  parks  in  New  Jersey, 

10  state  parks  in  Pennsylvania,  state  forest  camps  in  New  York, 
and  three  state  parks  in  Delaware.  This  proposal  provides  fof  a 
portion  of  the  recreation  needs  of  the  basin  not  met  by  the  recre- 
ation development  proposed  in  connection  with  water  control 
projects.  Appendix  I also  contains  proposals  relating  to  the 
planning  and  development  of  additional  park  and  recreation  areas 
in  the  basin  states,  namely  one  state  park  in  New  Jersey,  three 

in  Pennsylvania  and  four  in  Delaware  and  three  historical  sites 
in  the  latter  state.  It  is  also  proposed  that  certain  lands  in 
Pennsylvania,  New/  Jersey  and  Delaware  be  acquired  as  recreation 
reserves  to  be  developed  at  some  future  period  when  the  need 
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arises.  The  proposed  new  recreation  and  historical  areas  and  the  pro- 
posed recreation  land  reserves  within  the  basin  boundaries  are  listed 
in  table  VII-4  together  with  available  data  on  acreage  and  estimated 
annual  visitation,  The  recreation  land  reserves  are  proposed  for  de- 
velopment after  year  1980.,  The  proposed  new  areas  and  reserves  re- 
lated primarily  to  fresh  water  resources  of  the  basin  are  marked  by 
single  asterisks.  The  reserves  listed  in  table  VII-4  are  in  addition 
to  the  recreation  reserves  based  on  indirectly  related  recreation  po- 
tentials at  major  control  projects  described  in  paragraph  140  above. 

161.  Programs  to  enhance  fish  and  wildlife  resources.  General 
guide-lines  by  which  the  more  important  fish  and  wildlife  resources 
of  the  Delaware  River  Basin  can  be  protected  and  improved  are  pre- 
sented in  appendix  J.  The  more  important  elements  of  these  guide- 
lines concern  the  fresh  water  fisheries,  marine  fisheries,  anadro- 
mous  and  catadromous  fishes,  and  wildlife. 

162.  With  regard  to  fresh  water  fisheries,  appendix  J points 
out  that  the  elements  necessary  for  the  protection  and/or  improvement 
of  the  fresh  water  resource  would  include  acquisition  of  public  fish- 
ing rights,  the  development  of  access  facilities,  stream  habitat 
improvement,  reclamation  and  a stocking  of  selected  trout  streams 
throughout  the  basin.  Also  necessary  is  the  development  of  addi- 
tional access  and  the  improvement  of  fishing  waters  presently  open 

to  public  use,  including  some  of  the  reservoirs  and  major  streams  of 
the  basin.  The  construction  and  management  of  small  water  impound- 
ments specifically  for  fishing,  and  of  large  impoundments  capable  of 
producing  good  fishing,  is  included  in  the  general  guidelines.  Other 
features  are  the  use  of  all  fishable  waters  in  parks  for  maximum 
feasible  public  use;  installation  of  stream  improvement  devices  on  cer- 
tain sections  of  streams  altered  by  small  dams;  elimination  of  acid, 
culm  and  silt  from  upstream  basin  waters;  and  the  reduction  of  water 
contamination  from  domestic,  municipal  and  industrial  wastes  Also 
considered  among  the  important  elements  of  necessary  steps  to  the  pro- 
tection and  improvement  of  the  fishery  resources  are  the  inclusion  of 
access,  sanitation,  parking  and  boat  launching  developments  for  public 
fishing  at  all  dam  and  reservoir  projects  included  in  the  plan  of 
development,  and  the  provision  of  water  releases  below  each  project 
to  meet  volume  and  temperature  requirements  necessary  to  protect  and 
enhance,  if  possible,  the  fishery  values  downstream.  Other  elements 
include  acquisition  of  public  fishing  rights,  and  the  development  of 
access  and  public  facilities  along  streams  in  the  basin  to  mitigate 
the  loss  of  stream  fisheries  expected  as  a result  of  the  construction 
of  dam  and  reservoir  projects  included  in  the  plan  of  development.  As 
mitigating  measures  for  loss  of  stream  fishery  values  in  connection  with 
the  Tocks  Island  Dam  and  Reservoir,  appendix  J also  proposes  the  con- 
struction of  project  outlet  works  that  will  permit  releases  from 
various  levels  of  the  reservoir,  with  provisions  for  coordination 
between  project  operators  and  appropriate  fish  conservation  agencies 
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TABLE  VII-4 


PROPOSED  NEW  RECREATION  AREAS  AND  RECREATION  LAND  RESERVES 
WITHIN  DELAWARE  RIVER  BASIN 


State 

Area 

Acreage 

Estimated  Average 
Annual  Visitation 

PROPOSED  NEW  RECREATION  AND 

HISTORICAL 

AREAS 

Delaware 

* 

Lums  Pond 

1,350 

350,000 

* 

Killen-Coursey-McCauley  Ponds 

3,600 

300,000 

Delaware  Dunes 

1,000 

100,000 

Churchman's  Marsh 

1,500 

15,000 

** 

Cooch's-  Bridge 

15 

1/ 

** 

Buena  Vista 

15 

1/ 

** 

McDonough  House 

2 

1/ 

Pennsylvania 

* 

Baron  Hills 

3,500 

1,000,000 

* 

Green  Lane 

2,000 

1,500,000 

PROPOSED  RECREATION  LAND  RESERVES 

Delaware 

Cape  Henlopen 

2 , 00C 

1/ 

Woodland  Beach 

1/ 

1/ 

* 

Becks  Pond  & Sunset  Lake 

50  2/ 

1/ 

* 

Voshell  Pond 

31 

1/ 

* 

Red  Mill  Pond 

150  3/ 

1/ 

Augustine  Beach 

1/ 

1/ 

* 

Smalley's  Pond 

60  3/ 

1/ 

New  Jersey 

Raritan  Arsenal 

1/ 

1/ 

W.  Cape  May  Beach 

1/ 

1/ 

Cox  Hall  Creek 

1/ 

1/ 

Pennsylvania 

Shohola  Falls 

12,000 

1/ 

* 

Warner  Lakes 

3,200 

1/ 

* 

Reservoir  WA-5A 

175  3/ 

1/ 

Jacobsburg  Tract 

500 

1/ 

1/ 

Data  not  available 

. 

2/ 

Water  surface  area 

for  Becks  Pond 

only 

3/ 

Water  Surface  area 

only. 

* 

Related  primarily 

to  fresh  water 

resources . 

** 

Historical  areas. 

R May  1961 
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throughout  the  project  life.  Special  studies  are  proposed  during 
planning  and  construction,  and  thereafter  if  necessary,  to  determine 
appropriate  fish  passage  measures  to  offset  the  barrier  effects  on 
migration  of  fishes. 

163.  Important  elements  proposed  for  the  protection  and  im- 
provement of  the  marine  fishery  resource  include  the  initiation 
of  a coordinated  Federal-non-Federal  comprehensive  survey  of  the 
commercial  and  recreational  uses  of  these  fishery  resources;  an 
estuarine  research  program,  including  a study  of  fin  fishes  and 
shell  fishes;  the  development  of  public  boat  launching  areas; 
and  public  fishing  access  areas  along  the  Delaware  Bay  shore, 

164.  Protection  and  improvement  of  wildlife  resources  of 
the  Delaware  Basin,  as  proposed  in  appendix  J,  include  legisla- 
tion and  education  activities,  and  administrative  action  and 
habitat  management  for  the  deer  populations.  Similar  proposals 
are  made  with  regard  to  wild  turkey,  farm  game  resources,  and 
upland  game  resources.  The  acquisition  and  development  of  public 
hunting  areas,  the  expansion  and  development  of  small  marshes  and 
ponds,  the  preservation  of  wetlands  to  conserve  and  enhance  water- 
fowl  and  fur  animal  resources  are  also  proposed.  The  improvement 
and  preservation  of  marshland  habitat  in  the  Coastal  Plains  sec- 
tion of  the  basin  is  of  special  consideration.  Mentioned  as  units 
deserving  consideration  in  this  respect  are.  1,300  acres  of  the 
Crosswicks  Creek-Trenton  Marshes;  250  acres  of  fresh  tidal  marsh 
and  water  along  Pennsauken  Creek;  700  acres  of  marsh  along 
Rancocas  Creek;  180  acres  of  mudflat  and  shoal  at  Fish  House  Cove; 
250  acres  of  marsh  at  Hermesprota  Creek;  1,500  acres  otf  marsh, 
swamp  and  shoal  in  the  Monds  Island-Rapaupo  Creek-Chesfer  Island 
area;  960  acres  of  fresh  tidal  marsh  on  Raccoon  Creek;  1,200  acres 
on  Oldman's  Creek;  and  850  acres  along  the  Christina  River,  in- 
cluding 400  acres  at  Churchman's  Marsh.  To  improve  public  water 
fowl  hunting  opportunities  there  are  also  included  the  development 
of  access  facilities;  the  development  of  feasible  measures  for  the 
disposal  of  spoil  from  navigation  works  which  will  spare  the  better 
habitat  and  offset  destruction  through  use  of  spoil  to  improve,  re- 
place and/or  create  water  fowl  habitat;  the  continuation  and  ex- 
pansion of  efforts  to  adapt  insect  control  and  waterfowl  develop- 
ment methods  that  are  mutually  acceptable  and  beneficial;  and  the 
coordination  of  the  development  of  waterfowl  habitat  with  road 
building  activities.  Important  elements  that  would  mitigate  losses 
of  existing  wildlife  habitat  and/or  public  hunting  areas  as  a re- 
sult of  the  construction  of  dams  and  reservoirs,  include  the  ac- 
quisition of  land  and  improvement  of  habitat  thereon  for  single- 
purpose game  management  and  public  hunting  use  throughout  the  basin, 
together  with  the  replacement  of  certain  facilities  serving  game 
administration  needs.  The  Fish  and  Wildlife  Service  in  assessing 


the  overall  effects  of  the  proposed  plan  of  water  resource  develop- 
ment on  the  fish  and  wildlife  resources  of  the  basin  could  foresee 
the  need  for  preconstruction  studies  to  examine  in  detail  these 
effects.  The  Service  estimated  the  cost  of  these  studies  at  $65,000. 


165.  DESCRIPTIONS  OF  MAJOR  CONTROL  PROJECTS  PROPOSED  FOR 
MULTIPLE -PURPOSE  DEVELOPMENT  PRIOR  TO  YEAR  2010.  The  eleven  major 
control  projects  proposed  for  complete  development  prior  to  year 
2010  are  described  in  the  following  paragraphs.  The  projects  in- 
cluded in  this  category  and  the  order  of  the  individual  project 
descriptions  are  as  follows: 

Hawk  Mountain 
Prompton  (Modification) 

Tocks  Island 

Bear  Creek  (Modification) 

Beltzville 
Aquashicola 


Trexler 
Maiden  Creek 
Blue  Marsh 
Newark 
Christiana 


166.  Hawk  Mountain  Project. 

a.  Description.  The  Hawk  Mountain  Project  is  proposed 
for  multiple-purpose  development  to  provide  supplies  of  water,  for 
production  of  hydroelectric  power,  and  for  recreation  purposes. 
Hawk  Mountain  dam  site  is  located  on  the  East  Branch  of  Delaware 
River  about  2-1/2  miles  east  and  upstream  from  Hancock,  N.Y.  (See 
plate  10.)  The  contributing  drainage  area, is  440  square  miles  ex- 
clusive of  372  square  miles  which  contributes  to  Pepacton  Reser- 
voir, created  by  Downsville  Dam  and  constructed  as  a part  of  New 
York  City's  water  supply  system.  The  proposed  earth  and  rock  fill 
dam  will  rise  177  feet  above  the  river  bed  with  a top  length  of 
1,900  feet.  A side  channel  spillway  with  a 550-foot  length  of 
crest  at  elevation  1,082  will  be  cut  into  the  left  abutment  to 
convey  water  through  a chute  and  stilling  basin  to  the  river 
channel  below  the  dam.  The  concrete  conduits  will  be  constructed 
on  rock  along  the  left  bank  of  the  river  with  gates  and  a control 
tower  at  the  upstream  end.  After  serving  as  diversion  conduits 
during  construction,  a steel  penstock  will  be  installed  in  each 
conduit  from  the  center  of  the  dam  to  the  powerplant.  The  power- 
plant,  located  about  450  feet  below  the  axis  of  the  darn  on  the 
left  bank,  will  contain  two  turbines  each  with  a rating,  at  best 
head,  of  15,000  horsepower  and  each  direct-connected  to  a 10,500 
kilowatt  generator.  The  step-up  substation  would  be,  ljocated  ad- 
jacent to  the  powerhouse  on  a raised  section  of  the  toe  of  the 
main  embankment.  Storage  allocations  for  the  Hawk  Mountain 
Project  are  60,000  acre-feet  of  inactive  long-term  storage,  pri- 
marily for  hydropower,  to  elevation  1,008,  and  233,000  acre  feet 
of  active  long-term  storage  for  supplies  of  water,  power  and 
recreation  to  elevation  1,082.  The  reservoir,  at  elevation  1,082, 
would  extend  upstream  about  22  miles  to  a point  about  one-mile 
downstream  from  the  town  of  Downsville,  N.  Y.  Relocation  of  about 
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21-1/2  miles  of  State  Highway  Routes  17  and  30,  and  the  communities 
of  Fishs  Eddy  and  East  Branch  will  be  necessary.  A total  of  7,800 
acres  would  be  required  for  the  complete  development.  Of  this  area 
5,800  acres  would  be  for  the  construction  of  the  project,  and  2,000 
acres  would  be  for  directly  related  recreation  The  total  estimated 
cost  of  the  Hawk  Mountain  Project  is  $42  000,000  which  includes 
specific  costs  for  power  and  recreation  of  $5,080,000  and  $1,420,000 
respectively.  The  estimated  specific  recreation  costs  include 
$778,000  for  recreation  facilities  and  $637,000  for  recreation  lands, 
both  of  which  are  in  the  category  of  directly  related  recreation. 
Financing  of  the  separable  costs  for  hydropower  for  this  project  at 
the  private  financing  rate  applied  in  deriving  alternate  thermal 
power  costs,  resulted  in  the  hydropower  feature  being  unfavorable. 

In  view  of  the  long  range  completion  schedule  and  the  sound  water 
supply  value,  however,  the  hydropower  feature  is  retained  in  the 
Hawk  Mountain  Project  as  an  added  though  marginal  feature  As  for 
all  non-Federal  interest  projects  the  hydropower  feature  would  be 
given  detailed  study  by  local  interests  when  planning  for  construc- 
tion. 

b . Functions • 

(1)  Supplies  of  water.  Use  of  233,000  acre-feet  of 
active  long-term  storage  at  the  Hawk  Mountain  Project  will  result 

in  a net  yield  of  580  cubic  feet  per  second  at  the  site.  The  effec- 
tive augmention  to  the  yield  of  the  Tocks  Island  reservoir  would  be 
465  cubic  feet  per  second  This  augmention  of  flow  would  contribute 
to  the  satisfaction  of  the  water  needs  of  the  Trenton-Phi ladelphia 
area  for  the  projected  50-year  period  under  consideration. 

(2)  Power . The  hydroelectric  powerplant  at  the  Hawk 
Mountain  Project  would  have  an  installed  capacity  of  21,000  kilo- 
watts, a dependable  capacity  of  11,000  kilowatts  and  would  produce 
an  average  of  93.8  million  kilowatt-hours  of  energy  annually. 

(3)  Recreation . The  Hawk  Mountain  Project  would 
provide  recreation  capacity  to  accommodate  about  187,000  visitors 
annually.  Facilities  will  be  provided  for  one-day  outings  as  re- 
quired. The  necessary  roads,  trails , sanitary  facilities  and  water 
supplies  will  be  provided.  Hunting  will  be  permitted  in  appropriate 
season  and  under  reasonable  regulation  to  assure  public  safety. 
Operation  of  the  project  will  consider  the  streamflow  requirements 
of  stream  fisheries  and  the  management  of  the  impounded  water  for 
lake  fisheries  as  a coordinated  element  for  full  realization  of  the 
recreation  potential  of  the  project. 
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167. 


Prompton  Project. 

a.  Description.  The  Prompton  Project,  now  under  con- 
struction as  a single-purpose  flood  control  project  (with  incidental 
recreation  use)  and  scheduled  for  completion  in  1960,  would  be  mod- 
ified for  multiple-purpose  use  to  provide  supplies  of  water  and 
recreation  benefits  as  well  as  the  presently  designed  flood  control 
function.  The  Prompton  dam  is  located  in  the  valley  of  Lackawaxen 
River  about  1/2  mile  upstream  from  the  confluence  of  Waymart  Branch 
with  the  river,  and  about  4 miles  west  of  Honesdale,  Pennsylvania 
(See  plate  11).  The  dam  presently  under  construction,  which  controls 
60  square  miles  of  drainage  area,  will  be  1,300  feet  long  and  140 
feet  high.  The  spillway,  which  is  cut  into  the  hill  around  the  right 
(west)  end  of  the  dam,  is  50  feet  wide.  A conduit  has  been  built 
along  the  right  bank  to  carry  limited  amounts  of  flow.  This  conduit 
has  an  uncontrolled  inlet  at  elevation  1,125  in  the  reservoir  pool 
and  a stilling  basin  at  the  downstream  end. 

b.  Storage  allocations  -for  the  modified  Prompton  Project, 
based  on  the  most  economical  modification  of  the  existing  dam  and 
reservoir,  would  be  3,400  acre-feet  of  inactive  long-term  storage 

to  elevation  1,125;  28,000  acre-feet  of  active  long-term  storage 
for  supplies  of  water  and  recreation  use  to  elevation  1,18,0;  ^nd 
20,300  acre-feet  of  short-term  storage  for  flood  control  to  eleva- 
tion 1,205.  Comparative  data  on  the  present  and  proposed  modified 
project  at  this  site'  are  as  follows: 


Present 

Proposed 

Modified 

Project 

Project 

Capacities,  in  acre-feet 

Flood  Control 

20,300 

20,300 

Water  Supply 

0 

28,000 

Inactive 

3,400 

3,400 

Elevation  Top  of  Pool,  in 
feet , m. s . 1 . 

Flood  Control 

1,168.1 

1,205  1/ 

Water  Supply 

- 

1,180 

Inactive 

1,125 

1,125 

1/  Spillway  crest  elevation 

The  long-term  storage  requirement  and  operation  for  multiple- 
purposes  dictate  the  following  additions  or  modifications  to  the 
structures  presently  under  construction: 

(1)  A control  tower  with  gates  and  a service  bridge 
to  control  releases  from  the  reservoir. 

(2)  A blanket  of  impervious  material  on  the  valley 
wall  and  floor  upstream  from  the  dam. 

(3)  Widening  of  the  spillway  to  250  feet. 

(4)  Clearing  of  reservoir  land  and  relocating  roads 
subject  to  inundation. 
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c.  The  reservoir  to  be  created  by  long-term  storage  up 
to  elevation  1,180  will  extend  about  4 miles  upstream.  The  reser- 
voir for  short-term  storage  would  rise  to  about  the  same  level  as 
that  for  the  structure  now  under  construction  and  hence  would  re- 
quire procurement  of  flowage  easement  on  only  30  acres  of  land  in 
addition  to  that  already  under  easement.  The  modified  Prompton 
development  will  include  a total  area  of  2,055  acres.  In  addi- 
tion to  the  730  acres  required  for  construction  of  the  project, 

925  acres  would  be  required  for  directly  related  recreation  and 
400  acres  for  indirectly  related  recreation.  The  total  estimated 
cost  of  the  modified  multiple-purpose  project,  excluding  $387,000 
for  indirectly  related  recreation,  is  $8,050,000,  which  is  made  up 
of  $3,700,000  estimated  as  the  cost  of  the  flood  control  project 
now  under  construction  and  $4,350,000  estimated  as  the  cost  for 
the  modifications  previously  discussed.  Of  this  amount,  $427,000 
are  included  as  the  estimated  specific  costs  of  directly  related 
recreation.  The  directly  and  indirectly  related  recreation  costs 
are  composed  of  the  following: 

Estimated  Specific  Recreation  Costs 
Item  Directly  Related  Indirectly  Related 

Land  $144,000  $ 62,000 

Facilities  283 , 000  325 , 000 

427,000  387,000 

The  cost  of  land  now  being  acquired  by  the  Commonwealth  for  recrea- 
tion purposes  is  included  in  these  estimates  of  recreation  costs. 

d.  Functions . 

(1)  Supplies  of  water.  Use  of  28,000  acre-feet  of 
active  long-term  storage  at  the  Prompton  Project  would  result  in  a 
net  yield  of  57  cubic  feet  per  second.  This  augmentation  of  flow 
will  contribute  to  the  satisfaction  of  the  water  needs  of  the 
Trenton-Phi ladelphia  area  for  the  projected  50-year  period  under 
consideration. 

(2)  Reduction  of  flood  damage.  Flood  heights  on 
the  Lackawaxen  River  will  be  substantially  reduced  by  the  Prompton 
Project  and  the  Edgar  Jadwin  dam  and  reservoir  on  Dyberry  Creek, 
above  Honesdale,  Pennsylvania.  The  towns  of  Honesdale,  located  at 
the  confluence  of  Dyberry  Creek  with  the  Lackawaxen  River,  and 
Hawley,  located  between  the  junctions  Middle  Creek  and  Wallenpaupack 
Creek  with  the  Lackawaxen  River,  will  obtain  substantial  relief  from 
frequent  and  considerable  flood  damage  Several  villages  and  seven 
townships  located  in  the  lower  reaches  of  Lackawaxen  River  have 
residential,  commercial,  utility,  highway  and  other  developments  on 
the  flood  plain,  and  experienced  1-1/2  million  dollars  in  flood 
damage  in  1955.  Conversion  of  the  Prompton  Dam  and  Reservoir  to  a 
multiple-purpose  development  would  preserve  the  flood  control  func- 
tion of  this  project  as  originally  authorized  and  flood  reduction 
benefits  will  be  unaffected  by  the  proposed  modification.  Control 
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of  flood  waters  by  the  Prompton  and  Edgar  Jadwin  Projects  will  re- 
duce the  river  stages  at  Hawley,  Pa.  by  about  four  feet  for  a flood 
of  the  magnitude  experienced  in  1955.  Additional  limited  reduction 
of  flood  damage  will  accrue  on  the  main  stem  of  the  Delaware  River 
from  the  Prompton  and  Edgar  Jadwin  Projects. 

(3)  Recreation.  The  Prompton  Dam  and  Reservoir 
Project  would  provide  a total  recreation  capacity  to  accommodate  a 
total  of  156,300  visitors  annually.  Of  these,  81,900  visitors 
annually  are  credited  to  the  directly  related  recreation  develop- 
ments. Due  to  the  lack  of  suitable  terrain,  recreation  potential 
at  this  project  is  limited.  However,  lands  suitable  for  day-use 
recreation  are  included  in  the  plan  of  improvement.  Necessary 
roads,  trails,  sanitary  and  administrative  facilities  will  be 
provided.  Hunting  will  be  permitted  in  appropriate  season  and 
under  reasonable  regulation  to  assure  public  safety,  Operation 
of  the  project  will  consider  the  downstream  flow  requirements 
for  stream  fisheries  and  the  management  of  the  impoundment  for 
lake  fisheries  as  a coordinated  element  for  full  realization  of 
the  recreational  potential  of  the  project. 


168.  Tocks  Island  Project. 

a.  Description.  The  Tocks  Island  Project  is  proposed  for 
multiple-purpose  development  to  provide  supplies  of  water,  flood  con- 
trol, production  of  hydroelectric  power,  and  for  recreation  purposes. 
The  Tocks  Island  dam  site  is  located  on  Delaware  River  about  5 miles 
upstream  from  Delaware  Water  Gap  and  about  7 miles  northeast  of 
Stroudsburg,  Pennsylvania  (See  plate  12.)  The  site  is  at  the  up- 
stream end  of  Tocks  Island  which  is  about  2-1/2  miles  upstream  from 
Shawnee-on-Delaware , Pennsylvania.  The  contributing  drainage  area 
is  2,912  square  miles,  exclusive  of  915  square  miles  which  contribute 
to  the  Neversink,  Pepacton  and  Cannonsville  Projects  of  the  City  of 
New  York.  The  dam  will  contain  about  3-1/2  million  cubic  yards  of 
earth  and  rock,  be  3,200  feet  long,  and  rise  160  feet  above  the  river 
bed  to  elevation  456.  (See  plate  13.)  It  will  have  a central  im- 
pervious earth  core  extending  into  the  foundation  to  a maximum  depth 
of  30  feet  below  the  base  of  tne  dam.  Two  22- foot  diameter  conduits 
placed  on  rock  along  the  left  river  bank  will  serve  both  as  diversion 
conduits  during  construction  and  later  as  penstocks  for  production 
of  power.  At  the  downstream  end  of  the  conduits  will  be  a powerplant 
with  two  turbine-driven  generators  of  23,000-kilowatt  capacity  each. 
All  low  level  water  releases  will  pass  through  the  turbines  or 
through  a bypass  channel  from  each  penstock  built  into  the  power- 
house substructure.  The  step-up  substation  will  be  located  adjacent 
to  the  powerhouse  on  a raised  section  of  the  toe  of  the  main  embank- 
ment. In  addition  to  the  conventional  powerplant  described  above, 
a pumped- storage  powerplant  with  provision  for  four  reversible  power 
turbine  units  of  91,500-kilowatt  capacity  each  will  be  located  up- 
stream from  the  spillway  and  about  1.200  feet  upstream  from  the 
centerline  of  the  dam.  The  spillway  cut  into  the  left  (New  Jersey) 
abutment  will  have  a concrete  crest  at  elevation  395  surmounted  by 
ten  radial  gates  each  40  feet  long  and  35  feet  high.  The  concrete 
lined  spillway  chute  cut  into  rock  will  discharge  water  into  a 
stilling  basin  downstream  from  the  powerplant  and  from  there  into 
the  river  channel.  An  item  has  been  included  in  the  cost  estimates 
for  facilities  for  passing  fish  over  the  dam  in  the  event  precon- 
struction studies  show  the  need  for  specific  facilities  for  that 
purpose.  Storage  allocations  for  the  Tocks  Island  Project,  as  de- 
termined from  detailed  planning  studies,  indicate  80,000  acre-feet 
of  inactive  long-term  storage  to  elevation  356;  410,000  acre-feet 
of  active  long-term  storage  for  supplies  of  water,  power,  recrea- 
tion and  other  uses  to  elevation  410;  and  275,000  acre-feet  of 
short-term  storage  for  flood  control  to  elevation  4-28.  The  reser- 
voir formed  by  this  dam,  up  to  elevation  428,  will  extend  approxi- 
mately 9 miles  up  Flat  Brook  and  37  miles  up  the  Delaware  River  to 
Port  Jervis,  New  York.  It  will  necessitate  the  relocation  of  27 
miles  of  Federal  Highway  209  as  well  as  county  roads,  local  roads, 
the  community  of  Bushkill,  Pennsylvania,  parts  of  Dingmans  Ferry, 
Pennsylvania,  and  a few  buildings  at  Milford,  Pennsylvania.  The 
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town  of  Matamoras,  Pennsylvania,  at  the  upper  end  of  the  reservoir 
would  be  protected  by  a dike  about  12,000  feet  long  and  appurtenant 
outlet  pipes,  drains  and  pumping  plants.  The  bridge  on  U.S.  Route 
6 to  Tri-State,  New  York  would  be  replaced.  No  railroad  relocations 
will  be  required  and  there  are  no  commercially  valuable  mineral  de- 
posits in  the  reservoir  area.  A total  of  62,370  acres  of  land  will 
be  acquired  for  the  complete  development.  In  addition  to  the  14,800 
acres  required  for  construction  of  the  project,  9,500  acres  would 
be  required  for  directly  related  recreation  and  38,070  acres  for  in- 
directly related  recreation.  The  total  estimated  cost  of  the  Tocks 
Island  Project,  excluding  $31,600,000  for  indirectly  related  recrea- 
tion, is  $146,000,000  which  includes  specific  costs  for  power  and 
recreation  of  $66,200,000  and  $18,300,000  respectively.  The  esti- 
mated specific  costs  for  power  include  $12,300,000  for  conventional 
power  at  the  dam  and  $53,800,000  for  pumped- storage  type  power 
facilities  to  be  included  in  the  overall  development.  The  estimated 
specific  costs  for  directly  and  indirectly  related  recreation  in- 
clude the  following: 

Estimated  Specific  Recreation  Costs 

Item  Directly  Related  Indirectly  Related 

Land  $ 8,080,000  $13,400,000 

Facilities  10,200,000  18,200,000 

18,280,000  31,600,000 

b . Functions . 

(1)  Supplies  of  water.  Use  of  410,000  acre-feet  of 
active  long-term  storage  at  Tocks  Island  Project  would  provide  a 
net  yield  of  980  cubic  feet  per  second.  This  augmentation  of  flow 
would  contribute  to  the  satisfaction  of  the  water  requirements  of 
the  Trenton-Philadelphia  area  as  indicated  for  the  50-year  period 
under  consideration. 

(2)  Reduction  of  flood  damage.  The  1955  flood 
damages  in  the  reach  from  Tocks  Island  to  Burlington,  New  Jersey, 
exceeded  85  percent  of  the  total  damages  for  the  main  stem  of  the 
Delaware  River,  and  occurred  principally  at  the  damage  centers  of 
Easton,  Riegelsville,  New  Hope,  and  Yardley,  Pennsy 1 vania ; and 
Belvidere,  Phillipsburg,  Trenton  and  Burlington,  New  Jersey.  The 
flood  control  storage  provided  at  Tocks  Island  and  other  projects  in 
the  water  control  plan,  would  reduce,  by  system  operation,  the 
stage  of  the  1955  flood  at  Trenton  by  about  6 feet,  based  on  the 
modified  stage  reflecting  the  regulation  capacities  of  the  Bear 
Creek,  Edgar  Jadwin  and  Prompton  Projects.  For  the  1942  flood, 

the  system  flood  control  storage,  including  that  at  the  Tocks 
Island  Project,  would  result  in  a stage  reduction  of  about  3.7 
feet . 
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(3)  Power . Operation  of  the  Tocks  Island  Project 
for  multiple-purpose  use  would  support  a conventional  hydropower 
installation  of  46,000  kilowatts,  a dependable  capacity  of  20,000 
kilowatts,  and  the  average  annual  production  of  281.5  million 
kilowatt-hours  In  addition  to  the  conventional  power  plant,  ad- 
vantageous physical  conditions  at  the  site  permit  the  construction 
of  a pumped  storage  power  scheme  with  an  installed  capacity  of 
about  366,000  kilowatts,  a dependable  capacity  of  342,000  kilowatts 
and  the  average  annual  production  of  732.0  million  kilowatt  hours. 

(4)  Recreation ■ The  Tocks  Island  reservoir  area 
would  provide  recreation  capacity  to  accommodate  6,750,000  visitors 
annually  of  which  2,470,000  are  credited  to  the  directly  related 
recreation  use.  The  lands  to  be  acquired  for  recreation  would 
provide  for  public  ownership  of  the  shore  area  and  would  provide 
space  for  development  of  10  major  recreation  areas.  The  outstand- 
ing scenic  and  recreation  resources  of  the  project  would  thus  be 
preserved  in  public  ownership.  Various  facilities  would  be  pro- 
vided for  one-day  outings  as  well  as  camping.  Operation  of  the 
project  would  consider  the  fishing  requirements  of  the  impound- 
ments; the  flow  requirements  for  the  stream  fisheries  downstream 
from  the  dam;  and,  should  facilities  be  provided  for  moving 
anadromous  fish  above  the  dam,  consideration  would  be  given  to 
augmenting  flows  in  the  month  of  October  for  the  purpose  of  mov- 
ing young  fish  populations  through  the  polluted  zone  of  the  river 
in  the  vicinity  of  Marcus  Hook.  Special  studies  would  be  pursued 
during  later  planning  stages  in  order  to  determine  this  specific 
requirement.  Hunting  would  be  permitted  during  appropriate  season 
and  in  accordance  with  reasonable  regulation  to  assure  public 
safety. 


169.  Bear  Creek  Project. 

a.  Description . The  Bear  Creek  Project  now  under  con- 
struction and  scheduled  for  completion  in  1961  is  a single-purpose 
flood  control  project  (with  incidental  recreation  use)  which  would 
j be  modified  for  multiple-purpose  development  to  provide  supplies 

of  water  and  recreational  use  as  well  as  the  presently  authorized 
flood  control.  The  earth  and  rock  fill  dam  is  located  on  Lehigh 
River  75  miles  above  its  confluence  with  Delaware  River  and  about 
5 miles  north  of  White  Haven,  Pennsylvania.  (See  plate  14).  At 
this  location  the  dam  controls  288  square  miles  of  drainage  area 
Comparative  data  on  the  present  and  proposed  modified  project  at 


this  site  are  as  follows: 

Proposed 

Present  Modified 

Pro  ject  Pro  jec  t 

Capacities,  in  acre-feet 

Flood  Control  108,000  108,000 

Water  Supply  0 70,000 

Inactive  2,000  2,000 


Elevation  Top  of  Pool, 
in  feet  m. s . 1 . 

Flood  Control 
Water  Supply 
Inactive 


1/  Spillway  crest  elevation 

The  proposed  modifications  to  the  dam  now  under  construction  to 
make  it  serviceable  for  long-term  storage  in  addition  to  the 
present  flood  control  storage  will  involve: 

(1)  Moving  and  raising  the  spillway  crest  31  feet 
to  elevation  1,481. 

(2)  Raising  the  dam  to  elevation  1,503. 

(3)  Adding  70  feet  of  concrete  conduit  to  the  down- 
stream end  of  the  outlet  tunnel. 

(4)  Constructing  new  dikes  and  raising  existing  dikes 
north  of  the  dam 

The  modified  dam  will  rise  263  feet  above  the  stream  bed  and  have  a 
length  of  3,500  feet.  The  spillway  would  be  cut  through  rock  to 
the  north  of  the  dam,  and  farther  north*  a dike  4,600  feet  long  will 
fill  a swale  in  the  reservoir  rim.  Operation  of  three  gates  con- 
trols the  flow  through  the  outlet  tunnel.  The  reservoir  for  long- 
term storage  would  have  a maximum  depth  of  185  feet  and  would  ex- 
tend 7.0  miles  up  the  Lehigh  River  and  4.0  miles  up  Bear  Creek  from 
the  dam.  This  reservoir  would  necessitate  the  purchase  of  land  to 
be  inundated  on  which  flood  easements  have  already  been  taken  and 
would  require  the  acquisition  of  additional  flood  easements  at 
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1,450  1/ 
1,300 


1,481  II 

1,425 

1,300 


higher  elevations  No  economically  valuable  mineral  deposits  would 
be  flooded  and  only  one  road  along  Bear  Creek  would  require  reloca- 
tion in  addition  to  those  required  for  the  presently  authorized  flood 
control  project.  A total  of  3,950  acres  of  land  would  be  acquired 
for  the  complete  development.  In  addition  to  the  1,950  acres  that 
would  be  required  for  construction  of  the  project,  1,300  acres  would 
be  required  for  directly  related  recreation  and  700  acres  for  indi- 
rectly related  recreation.  The  total  estimated  cost  of  the  modifi- 
cations to  the  Bear  Creek  Project,  excluding  $875,000  for  indirectly 
related  recreation,  is  $8,990,000  which  includes  specific  recreation 
costs  of  $595,000.  The  estimated  specific  costs  of  directly  and  in- 
directly related  recreation  include  the  following: 

Estimated  Specific  Recreation  Costs 
Item  Directly  Related  Indirectly  Related 


Land 

Facilities 

Total 


$190,000  $102,000 

405.000  773,000 

595.000  875,000 


The  total  cost  of  the  project  modified  as  proposed  herein  would  be 
$20,100,000  which  includes  an  estimated  cost  of  $11,100,000  for.  the 
present  project.  Costs  for  indirectly  related  recreation  are  ex- 
cluded from  this  estimated  total  cost, 
b.  Functions. 

(1)  Supplies  of  water.  Use  of  70,000  acre-feet  of 
active  long-term  storage  at  the  Bear  Creek  Project  would  provide  a 
net  yield  of  196  cubic  feet  per  second.  This  flow  augmentation 
would  contribute  to  the  satisfaction  of  the  water  requirements  of 
the  Allentown-Bethlehem  area  and  the  Trenton-Philadelphia  area  as 
indicated  for  the  50-year  period  under  consideration. 

(2)  Reduction  of  flood  damages.  The  108,000  acre- 
feet  of  presently  authorized  short-term  storage  would  be  included 
as  the  initial  stage  in  the  multiple-purpose  development.  This 
storage  will  be  effective  in  alleviating  flooding  in  the  upper  reach 
of  the  Lehigh  River  where  damage  is  confined,  primarily,  to  the 
towns  of  Jim  Thorpe,  Lehighton,  Weissport,  Parryville,  Palmerton, 
and  Bowmanstown,  Pennsylvania.  Below  Lehigh  Gap  both  the  river  and 
flood  plain  widen.  Railroad  alignments  located  in  the  flood  plain 
together  with  44  railroad  and  highway  bridges  spanning  the  Lehigh 
River  are  subject  to  recurring  flood  damage.  The  inundation  of  the 
Lehigh  Navigation  Canal,  in  the  reach  from  Jim  Thorpe  to  Easton, 
Pennsylvania,  is  accompanied  by  extensive  flood  damage.  Damage 
centers  in  the  reach  from  Lehigh  Gap  to  Easton,  Pennsylvania, 
include  industrial  and  residential  areas  located  in  the  vicinity 

of  the  towns  of  Northampton,  Hokendauqua,  Catasauqua,  Allentown, 
Bethlehem,  Freemansburg  and  Easton,  Pennsylvania.  Considerable 
flood  stage  reduction  will  be  provided  in  these  damage  areas  by 
operation  of  the  short-term  storage  at  the  Bear  Creek  Project.  The 
flood  control  storage  has  been  preserved  as  previously  authorized, 
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and  flood  reduction  benefits  will  be  unaffected  by  the  proposed  modi- 
fication. 

(3)  Recreation.  The  Bear  Creek  Reservoir  will  provide 
recreation  capacity  for  250,000  visitors  annually  of  which  101,200  are 
credited  to  the  directly  related  recreation  uses.  The  lands  acquired 
for  recreation  will  provide  for  public  ownership  of  the  desirable  shore 
area  and  provide  space  for  development  of  three  recreation  sites. 
Necessary  facilities  for  one-day  outings  as  well  as  camping  would  be 
provided.  Operation  of  the  project  would  consider  the  downstream 
flow  requirements  for  stream  fisheries  and  the  management  of  the  im- 
poundment for  lake  fisheries  as  a coordinated  element  for  the  full 
realization  of  the  recreation  potential  of  the  project.  Hunting 
would  be  permitted  during  appropriate  season  and  in  accordance  with 
reasonable  regulation  to  assure  public  safety. 


104 


170. 


Beltzville  Project. 

a.  Description.  The  Beltzville  Project  is  proposed  for 
multiple-purpose  development  to  provide  supplies  of  water,  flood 
control  and  recreation.  The  Beltzville  dam  site  is  located  in  the 
Pohopoco  Valley  about  0.3  mile  upstream  from  the  confluence  of  Saw- 
mill Run  and  Pohopoco  Creek  and  approximately  4 miles  east  of 
Lehighton,  Pennsylvania.  (See  plate  15).  The  net  contributing 
drainage  area  above  this  site  is  75  square  miles,  excluding  22  square 
miles  that  contribute  to  the  Wild  Creek  Reservoir,  which  supplies 
water  to  the  City  of  Bethlehem,  Pennsylvania.  The  earth  and  rock 
fill  dam  will  extend  for  a length  of  4,500  feet  and  rise  160  feet 
above  the  creek  bed.  Diversion  flows  and  low  level  reservoir  re- 
leases will  pass  through  a conduit  constructed  on  rock  along  the 
right  side  of  the  valley.  A spillway  will  be  constructed  around 
the  north  end  of  the  dam  with  the  channel  in  bedrock.  Flow  from 
the  spillway  will  discharge  into  Sawmill  Run  and  thence  back  into 
Pohopoco  Creek.  Storage  allocations  for  the  Beltzville  Project, 
as  indicated  by  detailed  planning  studies,  are  1,200  acre-feet  of 
inactive  long-term  storage  to  elevation  525;  40,000  acre-feet  of 
active  long-term  storage  for  supplies  of  water  and  recreation  to 
elevation  615;  and  27,000  acre-feet  of  short-term  storage  for  flood 
control  to  elevation  641.  The  reservoir  up  to  spillway  crest  ele- 
vation 641  will  extend  approximately  7 miles  upstream.  Relocation 
or  improvement  of  about  4,7  miles  of  county  road  will  be  required. 

No  railroads  or  communities  are  in  the  reservoir  area  and  there 
are  no  workable  mineral  deposits.  However,  sections  of  two  oil 
pipelines  will  require  relocation,  and  power  lines  and  water  lines 
will  require  reinforcing  where  they  cross  the  reservoir.  During 
the  planning  studies  for  this  project  the  Palmer  Water  Company  sub- 
mitted a report  setting  forth  its  needs  for  a continuous  and  perma- 
nent supply  of  water  from  Pohopoco  Creek  downstream  from  the  dam 
site.  The  Company  supplies  municipal  and  industrial  water  in  the 
vicinity  of  Palmerton,  Pennsylvania  and  in  accordance  with  Act  365 
of  the  Commonwealth  of  Pennsylvania  the  Company  has  filed  with  the 
Commonwealth  a statement  showing  its  water  withdrawals  to  be  about 
13  mgd  with  future  needs  estimated  at  20  mgd.  Arrangements  will  be 
made  during  construction  and  thereafter  to  release  water  as  required 
to  fully  satisfy  downstream  water  rights.  A total  of  2,413  acres  of 
land  will  be  acquired  for  the  complete  development.  In  addition  to 
the  1,030  acres  required  for  construction  of  the  project,  723  acres 
would  be  required  for  directly  related  recreation  and  660  acres  for 
indirectly  related  recreation.  The  total  estimated  project  cost, 
excluding  $1,190,000  for  indirectly  related  recreation,  is  $13,800,000 
which  includes  $1,290,000  of  specific  costs  for  directly  related 
recreation.  The  directly  and  indirectly  related  recreation  costs  in- 
clude the  following: 


105 


Item 


Land 

Facilities 

Total 


Estimated  Specific  Recreation  Costs 
Directly  Related  Indirectly  Related 


$411,000 

876,000 
L,  28 7 ,000 


$ 34,000 

1,153,000 
1 '137,000 


b , Functions . 

(1)  Supplies  of  water.  Use  of  40,000  acre-feet  of 
active  long-term  storage  at  the  Beltzville  Project  would  provide  a 
net  yield  of  80  cubic  feet  per  second.  This  flow  augmentation 
would  contribute  to  the  satisfaction  of  the  needs  of  the  Palmerton, 
Bethlehem  and  Trenton-Phi lade lphia  areas  during  the  50-year  period 
under  consideration. 

(2)  Reduction  of  flood  damage.  The  flood  control 
storage  at  the  Beltzville  Project  will  contribute  to  flood  stage 
reductions  at  the  principal  damage  centers  on  Lehigh  River  below 
the  confluence  of  that  river  with  Pohopoco  Creek.  These  damage 
centers  are  located  at  Bowmanstown,  Walnutport,  Northampton, 
Hokendauqua,  Catasauqua,  Allentown,  Bethlehem,  Freemansburg  and 
Easton,  Pennsylvania.  Combined  operation  of  the  three  new  major 
flood  control  projects  in  the  Lehigh  River  Basin  included  in  the 
water  control  plan  will  result  in  a stage  reduction  of  two  feet  at 
Bethlehem,  Pennsylvania,  for  a flood  similar  to  that  experienced 
in  1955.  This  reduction  is  in  addition  to  the  effects  of  the  Bear 
Creek  Project. 

(3)  Recreation . The  Beltzville  reservoir  will  pro- 
vide a recreation  capacity  for  500,000  visitors  annually,  of  which 

110,000  are  credited  to  directly  related  recreation  uses.  The 
lands  acquired  specifically  for  recreation  development  will  pro- 
vide for  public  ownership  of  the  shore  area  and  space  for  develop- 
ment of  five  recreation  sites.  Facilities  would  be  provided  for 
one-day  outings  as  well  as  camping.  Hunting  would  be  permitted  in 
appropriate  season  and  under  reasonable  regulation  to  assure  public 
safety.  Operation  of  the  project  would  consider  the  downstream 
flow  requirements  for  stream  fisheries  and  the  management  of  lake 
fisheries  as  a coordinated  element  for  full  realization  of  the 
recreation  potential  of  the  project. 
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171. 


Aguashicola  Project. 

a.  Description  The  Aquashicola  Project  is  proposed  for 
multiple-purpose  development  to  provide  supplies  of  water,  flood  con- 
trol and  recreation.  The  Aquashicola  dam  site  is  located  on 
Aquashicola  Creek  about  4-1/2  miles  upstream  from  its  confluence 
with  the  Lehigh  River  and  about  3 miles  east  of  Palmerton,  Pennsyl- 
vania. (See  plate  16).  The  site  is  about  one  mile  downstream  from 
the  confluence  of  Buckwha  Creek  with  Aquashicola  Creek.  The  drain- 
age area  above  this  site  is  66  square  miles.  The  compacted  earth 
fill  dam  would  stretch  approximately  2,000  feet  across  the  valley 
with  a concrete  section  and  spillway  160  feet  long  founded  on  rock 
at  the  south  end.  The  dam  would  rise  110  feet  above  a cutoff  with 
maximum  depth  at  30  feet  to  control  passage  of  water  through  the 
foundation.  The  top  of  dam  would  be  20  feet  above  the  spillway 
crest  Outlet  sluices  through  the  spillway  would  provide  for  water 
releases.  Diversion  during  construction  would  be  made  through  low 
blocks  in  the  spillway  section.  Storage  allocations  for  the 
Aquashicola  Project  as  indicated  by  detailed  planning  studies,  are 

1.000  acre-feet  of  inactive  long-term  storage  to  elevation  435; 

24.000  acre-feet  of  active  long-term  storage  for  supplies  of  water 
and  recreation  to  elevation  483;  and  20,000  acre-feet  of  short- 
term storage  for  flood  control  to  elevation  503.  The  reservoir  at 
spillway  crest  elevation  503  would  be  90  feet  deep  at  the  dam  and 
extend  five  miles  up  Aquashicola  Creek  from  the  dam  and  six  miles 
up  Buckwha  Creek.  Relocation  of  an  oil  pipeline,  a waterline, 
roads,  7.3  miles  of  the  Chestnut  Ridge  Railroad,  quarry  equipment, 
rural  residences  and  the  community  of  Little  Gap,  Pennsylvania, 
would  be  required.  The  only  commercial  mineral  deposit  near  the 
reservoir  area  is  a sandstone  quarry  southeast  of  Little  Gap, 
Pennsylvania.  The  reservoir  does  not  inundate  this  quarry  but  some 
relocation  of  crushing  and  processing  equipment  would  be  required. 
Sand  from  this  quarry  is  shipped  by  rail  cars  at  the  approximate 
rate  of  five  cars  per  day.  This  constitutes  the  principal  traffic 
on  the  Chestnut  Ridge  Railroad  in  the  vicinity  of  the  reservoir 

A total  of  2,150  acres  of  land  will  be  acquired  for  the  complete 
development.  In  addition  to  the  900  acres  required  for  construc- 
tion of  the  project,  770  acres  would  be  required  for  directly  re- 
lated recreation  and  480  acres  for  indirectly  related  recreation. 

The  total  estimated  project  cost,  excluding  $488,000  for  indirect- 
ly related  recreation,  is  $19,000,000,  which  includes  $878,000  of 
specific  costs  for  directly  related  recreation.  The  directly  and 
indirectly  related  recreation  costs  include  the  following: 

Estimated  Specific  Recreation  C'sts 
Item  Directly  Related  Indirectly  Related 

$549,000  $103,000 

329.000  385.000 

878.000 


Land 

Facilities 

Total 
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488,000 


b. 


Functions . 


(1)  Supplies  of  water.  Use  of  24,000  acre-feet  of 
active  long-term  storage  at  the  Aquashicola  Project  would  provide 
a net  yield  of  63  cubic  feet  per  second.  This  flow  augumentation 
would  contribute  to  the  satisfaction  of  the  needs  of  the  Allentown- 
Bethlehem  area  and  the  Trenton-Philadelphia  area  during  the  50-year 
period  under  consideration. 

(2)  Reduction  of  flood  damage.  The  short-term 
storage  provided  at  the  Aquashicola  Project  will  contribute  to 
flood  stage  reductions  at  Palmerton,  just  downstream  from  the  dam, 
and  at  principal  damage  centers  on  Lehigh  River  below  the  Lehigh 
Gap.  These  damage  centers  include  Walnutport,  Northampton, 
Hokendauqua,  Catasauqua,  Allentown,  Bethlehem,  Freemansburg , and 
Easton,  Pennsylvania.  Combined  operation  of  the  three  new  major 
flood  control  projects  in  the  Lehigh  River  Basin  included  in  the 
water  control  plan  will  result  in  a stage  reduction  of  two  feet 

at  Bethlehem,  Pennsylvania  for  a flood  similar  to  that  experienced 
in  1955.  This  reduction  is  in  addition  to  the  effects  of  the  Bear 
Creek  Project. 

(3)  Recreation ■ The  Aquashicola  reservoir  will 
provide  a recreation  capacity  to  accommodate  156,300  visitors 
annually,  of  which  100,500  are  credited  to  directly  related  recre- 
ation uses.  The  lands  to  be  acquired  specifically  for  recreation 
development  provide  for  public  ownership  of  the  principal  part  of 
the  shoreline  and  space  for  the  development  of  four  recreation 
sites.  Facilities  would  be  provided  for  one-day  outings  and 
camping.  Hunting  would  be  permitted  in  appropriate  season  under 
reasonable  regulation  to  assure  public  safety.  Operation  of  the 
project  would  consider  the  downstream  flow  requirements  for  stream 
fisheries  and  the  management  of  the  impounded  water  for  lake 
fisheries  as  a coordinated  element  for  the  full  realization  of 

the  recreation  potential  of  the  project. 
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172.  Trexler  Project. 

a Descr ipt ion ■ The  Trexler  Project  is  proposed  t r 
multiple-purpose  development  to  provide  supplies  of  water,  £lo«'d 
control  and  recreation  The  Trexler  dam  site  is  located  on  Jordan 
Creek  in  the  Trexler  Pennsylvania  State  Game  Preserve  about  1/2 
mile  downstream  from  the  mouth  of  Mill  Creek  and  about  8 miles 
northwest  of  Allentown,  Pa.  (See  plate  17.)  The  drainage  area 
above  this  site  is  51  square  miles.  The  proposed  dam  would  be  a 
concrete  gravity  type  structure  800  feet  long,  and  rise  120  feet 
above  the  creek  bed.  Flood  waters  would  pass  over  a spillway 
section  of  the  dam  200  feet  long  with  a crest  about  104  feet  above 
the  creek.  Conduits  through  the  dam  with  regulating  gates  will 
permit  low  level  releases.  Diversion  during  construction  would 
be  made  over  concrete  monoliths  left  low,  temporarily,  for  that 
purpose.  Storage  allocations  for  the  Trexler  Project,  as  indicated 
by  detailed  planning  studies,  are  800  acre-feet  of  inactive  long- 
term storage  to  elevation  416;  24,200  acre-feet  of.active  long- 

term storage  for  supplies  of  water  and  recreation  to  elevation  479; 
and  14,000  acre-feet  of  short-term  storage  for  flood  control  to 
elevation  492.  The  reservoir  at  elevation  492  would  extend  about 
3 miles  up  Jordan  Creek  with  bays  or  prongs  extending  about  3 miles 
up  Lyon  Creek  and  2 miles  up  Mill  Creek.  Fills  and  bridges  will  be 
required  to  carry  U.  S Route  309  across  the  reservoir.  Relocation 
of  other  roads  and  the  communities  of  Lyon  Valley  and  Weidasville 
will  also  be  necessary.  A total  of  3,587  acres  of  land  will  be  ac- 
quired for  the  complete  development.  In  addition  to  the  960  acres 
required  for  construction  of  the  project,  1,776  acres  would  be  re- 
quired for  directly  related  recreation  and  851  acres  for  indirectly 
related  recreation.  The  total  estimated  project  cost,  excluding 
$1,140,000  for  indirectly  related  recreation,  is  $10,100,000,  which 
includes  $1,500,000  of  specific  costs  for  directly  related  recrea- 
tion. The  directly  and  indirectly  related  recreation  costs  include 
the  following- 

Estimated  Specific  Recreation  Costs 
Item  Directly  Related  Indirectly  Related 


Land 

Facilities 

Total 


$1,010,000 

436,000 

1,496,000 


$141,000 

1,000,000 

1,141,000 


b . Functions 

(1)  Supplies  of  water.  Use  of  24,200  acre-feet  of 
active  long-term  storage  at  the  Trexler  Project  would  provide  a net 
yield  of  55  cubic  feet  per  second.  This  flow  augmentation  would 
contribute  to  the  satisfaction  of  the  needs  of  the  Bethlehem  area 
and  the  Trenton-Philadelphia  area  during  the  50-year  period  under 
consideration. 

(2)  Reduction  of  Flood  Damage.  The  short-term 
storage  at  the  Trexler  Project  w'ill  contribute  to  flood  stage  re- 
ductions at  the  principal  damage  centers  of  Allentown,  Bethlehem 
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and  Easton,  Pennsylvania.  Combined  operations  of  the  three  new  major 
flood  control  projects  included  in  <_he  Lehigh  River  Basin  in  the  water 
control  plan  will  result  in  a stage  reduction  of  two  feet  at  Bethlehem, 
Pennsylvania,  for  a flood  similar  to  that  experienced  in  1955.  This 
reduction  is  in  addition  to  the  effects  of  the  Bear  Creek  Project. 

(3)  Recreation.  The  Trexier  reservoir  will  provide  a 
recreation  capacity  to  accommodate  a total  of  312,500  visitors  annual- 
ly of  which  177,200  are  credited  to  directly  related  recreation  uses. 

The  lands  to  be  acquired  specifically  for  recreation  development  would 
provide  for  public  ownership  of  the  shore  area  and  space  for  the  de- 
velopment of  six  recreation  sites.  Facilities  would  be  provided  for 
one-day  outings  as  well  as  camping.  Necessary  roads,  trails,  sanitary 
and  administrative  facilities,  and  potable  '.;ater  also  would  be  provided. 
Hunting  will  be  permitted  in  appropriate  season  and  under  reasonable 
regulations  to  assure  public  safety.  Operation  of  the  project  would 
consider  the  downstream  flow  requirements  for  stream  fisheries  and  the 
management  of  the  impounded  water  for  lake  fisheries  as  a coordinated 
element  for  the  full  realization  of  the  recreational  potential  of  the 
project . 
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173.  Maiden  Creek  Project:. 

a.  Description.  The  Maiden  Creek  Project  is  proposed  for 
multiple-purpose  development  to  provide  supplies  of  water,  flood  con- 
trol and  recreation.  The  Maiden  Creek  dam  site  is  located  on  Maiden 
Creek  about  1/3  mile  upstream  from  the  mouth  of  Moselem  Creek  and 
about  12  miles  north  of  Reading,  Pa.  (See  plate  18.)  The  drainage 
area  above  this  site  is  161  square  miles.  The  dam,  2,600  feet  long 
and  rising  110  feet  above  the  bed  of  Maiden  Creek,  would  be  of  earth 
and  rock  fill  construction.  A conduit  founded  on  rock  along  the 
left  side  of  the  valley  would  be  designed  to  carry  diversions  during 
construction  and  low  level  reservoir  releases.  The  spillway,  750 
feet  wide,  would  be  cut  through  a rock  ridge  about  400  feet  east  of 
the  dam.  Storage  allocations  for  the  Maiden  Creek  Project,  as  indi- 
cated by  detailed  planning  studies,  are  2,000  acre-feet  of  inactive 
long-term  storage  to  elevation  323;  74,000  acre-feet  of  active  long- 
term storage  for  supplies  of  water  and  recreation  to  elevation  381; 
and  38,000  acre-feet  of  short-term  storage  for  flood  control  to 
elevation  394  The  reservoir  would  extend  about  10  miles  up  Maiden 
Creek.  Relocation  of  a railroad  line,  numerous  roads,  and  the  com- 
munities of  Lenhartsville,  Virginville  and  a part  of  Moselem  would 
be  required  There  are  no  commercially  developed  mineral  resources 
in  the  reservoir  area.  A total  of  8,450  acres  of  land  will  be  ac- 
quired for  the  complete  development.  In  addition  to  the  2,850 
acres  required  for  the  construction  of  the  project,  2,255  acres 
would  be  required  for  directly  related  recreation  and  3,345  for  in- 
directly related  recreation.  The  total  estimated  project  cost,  ex- 
cluding $3,250,000  for  indirectly  related  recreation,  is  $27,600,000, 
which  includes  $2,440,000  of  specific  costs  for  directly  related 
recreation.  The  directly  and  indirectly  related  recreation  costs 
include  the  following: 

Estimated  Specific  Recreation  Costs 
Item  Directly  Related  Indirectly  Related 


Land 

Facilities 

Total 


$1,280,000 

1,160,000 

2,440,000 


$1,420,000 

1.830.000 

3.250.000 


b . Functions ■ 

(1)  Supplies  of  water.  Use  of  74,000  acre-feet  of 
active  long-term  storage  at  Maiden  Creek  Project  would  provide  a net 
yield  of  134  cubic  feet  per  second.  This  flow  augmentation  would 
contribute  to  the  satisfaction  of  the  needs  of  the  Pottstown-Reading 
area  as  well  as  to  the  Philadelphia  area  during  the  50  year  period 
under  consideration. 

(2)  Reduction  of  flood  damage.  The  flood  control 
storage  at  Maiden  Creek  Project  will  contribute  to  flood  stage  re- 
ductions at  the  principal  damage  centers  on  the  Schuylkill  River 
from  Reading,  Pennsylvania  to  Philadelphia,  Pennsylvania.  These 
damage  centers  are  Reading,  Birdsboro,  Pottstown,  Norristown, 
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Conshohocken,  Manayunk  and  Philadelphia,  Pennsylvania  The  flood- 
way at  these  centers  is  occupied  mostly  by  commercial  and  industrial 
interests  which  suffered  about  70%  of  the  total  flood  damages  in 
these  areas  in  August  1955.  Combined  operation  of  storage  allocated 
to  flood  control  at  the  Maiden  Creek  and  Blue  Marsh  Projects  in  the 
Schuylkill  River  Basin  would  result  in  a flood  stage  reduction  of 
about  4-1/2  feet  at  Reading,  Pennsylvania,  and  of  about  three  feet 
at  Pottstown,  Pennsylvania  for  a flood  similar  to  that  experienced 
in  1955, 

(3)  Recreation ■ The  Maiden  Creek  reservoir  would 
provide  a recreation  capacity  to  accommodate  a total  of  625,000 
visitors  annually  of  which  267,400  are  credited  to  the  directly  re- 
lated recreation  uses.  The  lands  to  be  acquired  specifically  for 
recreation  development  would  provide  for  public  ownership  of  the 
shore  area  and  space  for  development  of  five  recreation  sites. 
Facilities  will  be  provided  for  one-day  outings  and  camping. 
Necessary  access,  and  sanitary  and  administrative  facilities  also 
will  be  provided.  Hunting  will  be  permitted  in  appropriate  season 
and  under  reasonable  regulation  to  assure  public  safety.  Operation 
of  the  project  would  consider  the  downstream  flow  requirements  for 
stream  fisheries  and  the  management  of  the  impounded  water  for  lake 
fisheries  as  a coordinated  element  for  the  full  realization  of  the 
recreation  potential  of  the  project. 
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174.  Blue  Marsh  Project. 

a.  Description.  The  Blue  Marsh  Project  is  proposed  for 
multiple-purpose  development  to  provide  supplies  of  water,  flood 
control  and  recreation.  The  Blue  Marsh  dam  site  is  located  oi, 
Tulpehocken  Creekj  1-1/2  miles  upstream  from  the  mouth  of  Plum  Creek 
and  about  6 miles  northwest  of  Reading,  Pa.  (See  plate  19.)  The 
drainage  area  above  this  site  is  175  square  miles.  The  dam  would 
consist  of  a rock  and  earth  fill  embankment  1,100  feet  long  and  90 
feet  high.  A conduit  on  rock  along  the  right  abutment  would  provide 
for  low  level  reservoir  releases  and  diversion  during  construction. 
The  spillway  would  be  located  about  1,000  feet  south  of  the  dam 
where  a 900-foot  wide  flat  crested  channel  cut  into  the  shale  would 
conduct  excess  water  from  the  reservoir  to  Tulpehocken  Creek.  Final 
storage  allocations  for  the  Blue  Marsh  Project,  as  indicated  by  de- 
tailed planning  studies,  are  1,500  acre-feet  of  inactive  long-term 
storage  to  elevation  249;  14,500  acre-feet  of  active  long-term  stor- 

age for  supplies  of  water  and  recreation  to  elevation  279;  and  33,000 
acre-feet  of  short-term  storage  for  flood  control  to  elevation  303. 
The  reservoir  would  extend  upstream  from  the  dam  about  10  miles  on 
Tulpehocken  and  Northkill  Creeks.  The  reservoir  would  require  relo- 
cation of  pipelines,  roads,  the  community  of  Blue  Marsh  and  a few 
buildings  in  the  Bernville  area.  One  commercially  valuable  mineral 
deposit  is  located  in  the  reservoir,  a shale  pit  about  1 mile  north 
of  Blue  Marsh.  A total  of  about  5,296  acres  of  land  will  be  acquired 
for  the  complete  development.  In  addition  to  the  1,520  acres  re- 
quired for  construction  of  the  project,  1,093  acres  will  be  required 
for  directly  related  recreation  and  2,633  acres  for  indirectly  re- 
lated recreation.  The  total  estimated  project  cost,  excluding 
$3,280,000  for  indirectly  related  recreation,  is  $12,500,000,  which 
includes  $1,500,000  of  specific  costs  for  directly  related  recrea- 
tion. The  directly  and  indirectly  related  recreation  costs  include 
the  following: 

Estimated  Specific  Recreation  Costs 
Item  Directly  Related  Indirectly  Related 


Land 

Facilities 

Total 


$ 664,000 

832,000 

1,496,000 


$2,040,000 

1.240.000 

3.280.000 


b , Functions . 

(1)  Supplies  of  water.  Use  of  14,500  acre-feet  of 
active  long-term  storage  at  the  Blue  Marsh  Project  will  provide  a 
net  yield  of  65  cubic  feet  per  second.  This  flow  augmentation  will 
contribute  to  the  satisfaction  of  the  needs  of  the  Pottstown-Reading 
area  as  well  as  to  the  Philadelphia  area  during  the  50-year  period 
under  consideration. 

(2)  Reduction  of  flood  damage.  The  flood  control 
storage  at  the  Blue  Marsh  Project  will  contribute  to  flood  stage  re- 
ductions at  the  principal  damage  centers  on  the  Schuylkill  River  from 
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Reading,  Pennsylvania  to  Philadelphia,  Pennsylvania.  These  damage 
centers  are  Reading,  Birdsboro,  Pottstown,  Norristown,  Conshohocken , 
Manayunk  and  Philadelphia,  Pennsylvania.  Combined  operation  of 
storage  allocated  to  flood  control  at  the  Blue  Marsh  and  Maiden 
Creek  Projects  in  the  Schuylkill  River  Basin  would  result  in  a 
flood  stage  reduction  of  about  4-1/2  feet  at  Reading,  Pennsylvania, 
and  of  about  three  feet  at  Pottstown,  Pennsylvania  for  a flood 
similar  to  that  experienced  in  1955. 

(3)  Recreation.  The  Blue  Marsh  reservoir  would 
provide  a recreation  capacity  to  accommodate  a total  of  437,500 
visitors  annually,  of  which  137,000  are  credited  to  the  directly 
related  recreation  uses.  The  lands  to  be  acquired  specifically 
for  recreation  development  would  provide  public  ownership  of  the 
shoreline  and  space  for  the  development  of  six  recreation  sites. 
Facilities  will  be  provided  for  one-day  outings  as  well  as  camp- 
ing. Necessary  access,  sanitary  and  administrative  facilities 
also  will  be  provided.  Hunting  would  be  permitted  in  appropri- 
ate seasons  and  under  reasonable  regulations  to  assure  public 
safety.  Operation  of  the  project  would  consider  the  downstream 
flow  requirements  for  stream  fisheries  and  the  management  of  the 
impounded  water  for  lake  fisheries  as  a coordinated  element  for 
the  full  realization  of  the  recreational  potential  of  the  project. 
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175.  Newark  Project. 

a.  Descr ipt ion . The  Newark  Project  is  proposed  for  mul- 
tiple-purpose development  to  provide  supplies  of  water  and  recreation. 
The  dam  site  is  located  on  White  Clay  Creek  about  1-1/2  miles  north  of 
Newark,  Delaware.  (See  plate  20.)  The  drainage  area  above  this  site 
is  67  square  miles.  A concrete  gravity  type  dam  1,200  feet  long,  in- 
cluding a spillway  section  400  feet  long,  is  proposed  for  this  site. 
The  non-overflow  section  of  the  dam  would  be  97  feet  above  the  creek 
bed  and  the  spillway  crest  81  feet  above  that  datum.  Gated  sluices 
through  the  dam  7 feet  above  the  creek  bed  and  bypass  pipes  would  be 
provided  for  low  level  reservoir  releases.  Stream  diversion  during 
construction  would  be  over  concrete  monoliths  left  low,  temporarily, 
for  that  purpose.  Storage  allocations  for  the  Newark  Project  are 

1.000  acre-feet  of  inactive  long-term  storage  to  elevation  98  and 

30.000  acre-feet  of  active  long-term  storage  for  supplies  of  water 
and  recreation  to  elevation  156.  The  reservoir  would  extend  about 
six  miles  up  White  Clay  Creek  into  Pennsylvania.  Relocation  of  2.7 
miles  of  county  road  including  a bridge  across  the  reservoir,  a 
stream  gaging  station,  a pumping  plant  and  a sewer  line  would  be  re- 
quired. No  railroads,  communities,  or  commercially  developed  mineral 
deposits  are  located  in  the  reservoir  area.  A total  of  6,490  acres  of 
land  would  be  acquired  for  the  complete  development.  In  addition  to 
the  1,090  acres  required  for  the  construction  of  the  project,  4,000 
acres  would  be  required  for  directly  related  recreation  and  1,400 
acres  for  indirectly  related  recreation.  The  total  estimated  project 
cost,  excluding  $3,550,000  for  indirectly  related  recreation,  is 
$15,300,000,  which  includes  specific  costs  for  directly  related 
recreation  of  $5,140,000.  The  directly  and  indirectly  related 
recreation  costs  include  the  following: 


Item 


Estimated  Specific  Recreation  Costs 
Directly  Related  Indirectly  Related 


Land 

Facilities 

Total 


$3,250,000 
1,890  000 

5.140,000 


$1,400,000 

2.150.000 

3.550.000 


b . Functions . 

(1)  Supplies  of  Water.  Use  of  30.000  acre-feet  of 
active  long-term  storage  at  Newark  Project  would  provide  a net 
yield  of  43  cubic  feet  per  second.  This  flow  augmention  would  con- 
tribute to  partial  satisfaction  of  the  needs  of  the  Wilmington  area 
during  the  50-year  period  under  consideration. 

(2)  Recreation . The  Newark  Project  including  the 
recreation  element  defined  as  the  Mason-Dixon  Interstate  Park  Area 
would  provide  recreation  capacity  for  937,500  visiters  annually,  of 
which  554,000  are  credited  to  directly  related  recreation.  The  lands 
to  be  acquired  specifically  for  recreation  development  would  provice 
public  ownership  of  the  shore  area  and  space  for  the  development  cf 
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six  major  recreation  sites.  Facilities  also  would  be  provided  for 
one-day  outings  and  camping.  Required  roads,  trails,  sanitary  and 
administrative  facilities  and  potable  water  are  included  in  the 
plan.  Hunting  would  be  permitted  in  appropriate  season  and  under 
reasonable  regulation  to  assure  public  safety.  Operation  of  the 
project  would  consider  the  downstream  flow  requirements  for  stream 
fisheries  and  the  management  of  the  impounded  water  for  lake  fish- 
eries as  a coordinated  element  for  full  realization  of  the  recrea- 
tion potential  of  the  project. 
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176.  Christiana  Project. 

a.  Description.  The  Christiana  Project  is  a multiple- 
purpose  development  to  provide  supplies  of  water  and  recreation. 

The  dam  site  is  located  on  Christina  River  about  1-1/2  miles  south- 
west of  Christiana,  Delaware,  and  10  miles  southwest  of  Wilmington, 
Delaware.  (See  plate  21.)  The  drainage  area  above  the  site  is  41 
square  miles.  The  spillway  would  be  a concrete  lined  chute  through 
the  hill  which  constitutes  the  left  abutment  of  the  dam.  This  spill- 
way would  have  a broad  crest  at  elevation  49,  about  46  feet  above  the 
river  bed.  Diversion  flows  would  be  carried  through  a concrete  con- 
duit constructed  on  natural  ground  at  the  base  of  the  left  abutment. 
Subsequent  to  use  of  this  conduit  for  diversion,  two  concrete  pipes 
would  be  installed  in  the  conduit  to  carry  low  level  reservoir  re- 
lease. Storage  allocations  for  the  Christiana  Project  are  1,000 
acre-feet  of  inactive  long-term  storage  to  elevation  23,  and  36,000 
acre  feet  of  active  long-term  storage  for  supplies  of  water  and 
recreation  to  elevation  49.  The  reservoir  will  extend  about  6.7 
miles  up  the  river,  about  3.8  miles  up  Muddy  Run  and  inundate  ex- 
isting Silver  Lake.  No  main  roads  cross  the  reservoir  but  the 
State  of  Delaware  is  planning  a new  highway  across  the  reservoir  at 
a grade  that  would  necessitate  its  relocation  as  a feature  of  the 
development  of  this  project.  This  possible  cost  was  not  included  in 
the  estimates  of  project  costs.  The  raising  of  two  bridges  on  U.  S. 
Route  40,  raising  of  one  mile  of  the  Pennsylvania  Railroad  single 
track  line  from  Porter  to  Newark,  Delaware,  and  construction  of  two 
new  bridges  on  State  Route  896  would  be  required  There  are  no  com- 
munities in  the  reservoir  area  and  only  one  commercially  valuable 
mineral  deposit  is  located  in  the  reservoir  area,  which  is  a gravel 
pit  about  1/2  mile  upstream  from  the  dam  site.  A total  of  about 
8,080  acres  of  lands  would  be  required  for  the  complete  development. 
In  addition  to  the  3,050  acres  required  for  construction  of  the 
project,  3,057  acres  would  be  required  for  directly  related  recrea- 
tion and  1,973  acres  for  indirectly  related  recreation.  The  total 
estimated  project  cost,  excluding  $5,420,000  for  indirectly  related 
recreation,  is  $18,000,000  which  includes  $7,560,000  of  specific 
costs  for  directly  related  recreation.  The  directly  and  indirectly 
related  recreation  costs  include  the  following: 

Estimated  Specific  Recreation  Costs 
Item  Directly  Related  Indirectly  Related 


Land 

Facilities 

Total 


$4,770,000 

2.790.000 

7.560.000 


$1,820,000 

3.600.000 

5.420.000 


b . Functions. 

(1)  Supplies  of  water.  Use  of  36,000  acre-feet  of 
active  long-term  storage  at  Christiana  Project  would  provide  a net 
yield  of  34  cubic  feet  per  second.  This  flow  augmentation  would 
contribute  to  partial  satisfaction  of  the  needs  of  the  Wilming- 
ton area  during  the  50-year  period  under  consideration. 
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(2)  Recreation.  The  Christiana  Project  would  provide 
a recreation  capacity  to  accommodate  about  1,875,000  visitors  annually 
of  which  1,093,000  are  credited  to  directly  related  recreation.  The 
lands  to  be  acquired  specifically  for  recreation  development  would 
provide  for  public  ownership  of  the  shore  area  and  provide  for  the  de- 
velopment of  three  major  recreation  sites.  Facilities  are  to  be  pro- 
vided for  one-day  outings  and  camping.  Required  roads,  trails,  sani- 
tary and  administrative  facilities,  and  drinking  water  would  be  pro- 
vided. Hunting  would  be  permitted  in  appropriate  season  under  rea- 
sonable regulation  to  assure  public  safety.  Operation  of  the  project 
would  consider  the  downstream  flow  requirements  for  stream  fisheries 
and  the  management  of  the  impounded  waters  for  lake  fisheries  as  a 
coordinated  element  for  full  realization  of  the  recreation  potential 
of  the  project. 
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17/.  DESCRIPTIONS  OF  MAJOR  CONTROL  PROJECTS  PROPOSED  FOR  TWO- 
STAGE  DEVELOPMENT.  Eight  major  control  projects  arc  proposed  for 
development  in  two  stages  with  the  initial  stage  for  recreation  in 
the  immediate  future  and  the  second  stage  for  water  supply  and  other 
purposes  as  needed  after  year  2010.  The  projects  included  in  this 
category  and  the  order  of  the  individual  project  descriptions  are  as 
fol lows : 


Paulina 
PequesI 
Hackee  ts  town 
New  Hampton 


Tohickon 
Newtown 
French  Creek 
Evansburg 


178 . Paulina  Project 

a.  Description.  The  Paulina  Project  fully  developed  in 
two  stages,  would  be  a multiple-purpose  project  to  provide  supplies 
of  water  and  recreation.  The  initial  stage  of  development  to  satis- 
fy existing  recreation  needs  is  economically  feasible  and  is  proposed 
for  the  immediate  future.  It  is  also  proposed  that,  contingent  upon 
the  wishes  of  local  interests,  land  be  acquired,  for  the  initial  stage 
of  development,  as  it  becomes  available.  Such  an  arrangement  will 
assure  preservation  of  the  potential  reservoir  which  is  considered 
essential  to  'water  resources  development  in  the  basin  after  the  year 
2010  when  full  development  of  the  site  is  indicated.  The  project 
site  is  located  on  Paulins  Kill  about  11.25  miles  above  the  mouth 

and  1.5  miles  east  of  Blairstown,  New  Jersey.  (See  plate  22.)  The 
drainage  area  upstream  from  the  dam  site  is  122  square  miles. 

Suggested  storage  allocations  for  ultimate  development  are  4,000 
acre-feet  of  inactive  long-term  storage  to  elevation  403  and  51,000 
acre-feet  of  active  long-term  storage  for  supplies  of  water  and 
recreation  to  elevation  465.  The  reservoir  at  elevation  465  would 
extend  14  miles  upstream  and  provide  a reservoir  area  of  1,650  acres. 
Total  lands,  including  the  eventual  reservoir  area,  desirable  for  the 
initial  stage  of  development  comprise  5,717  acres  at  an  estimated 
cost  of  about  8.8  million  dollars.  The  estimated  cost  of  the  initial 
stage  of  development  is  12.2  million  dollars,  including  5.3  million 
dollars  to  acquire  the  reservoir  area  to  assure  its  preservation  for 
future  use  and  6.9  million  dollars  of  specific  recreation  costs.  In- 
cluded in  the  latter  are  3.5  million  dollars  for  recreation  lands 
and  3.4  million  dollars  for  recreation  facilities.  The  estimated 
cost  of  the  complete  two-stage  development  is  23.1  million  dollars 
of  which  10.9  million  dollars  is  the  estimated  cost  of  the  dam  and 
appurtenant  works,  relocations  and  reservoir  clearing. 

b . Funct ions . 

(1)  Supplies  of  water.  When  fully  developed,  use  of 
51,000  acre-feet  of  active  long-term  storage  in  the  Paulina  Project 
would  provide  a net  yield  of  90  cubic  feet  per  second.  This  flow 
augmentation  would  contribute  to  the  satisfaction  of  the  water  needs 
after  the  year  2010. 
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(2)  Recreation.  The  Paulina  Project  would  provide  a 
recreation  capacity  to  accommodate  600,000  visitors  annually  during 
the  initial  stage  of  development  and  1,000,000  visitors  annually  when 
fully  developed  The  topography  surrounding  this  site  is  steeply  roll- 
ing and  irregular  as  the  result  of  glacial  action.  The  overall 
character  of  the  site  makes  it  readily  adaptable  for  nonurban  recrea- 
tion uses 
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1 /’ 9 . Peques  t Pro  iec  t . 

a.  Description  The  Pequesl  Project,  fully  developed  i 
two  stages,  would  be  a multiple-purpose  project  to  provide  supplies 
of  water  and  recreation.  The  initial  stage  of  development  to  sat- 
isfy existing  recreation  needs  is  economically  feasible  and  is  pro- 
posed for  the  immediate  future.  It  is  also  proposed  that,  contin- 
gent upon  the  wishes  of  local  interests,  land  be  acquired  for  the 
initial  stage  of  development  as  it  becomes  available.  Such  an  ar- 
rangement will  assure  preservation  of  the  potential  reservoir  which 
is  considered  essential  to  water  resources  development  in  the  basin 
after  the  year  2010  when  full  development  of  the  site  is  indicated. 
The  project  site  is  located  on  Pequest  River  about  7 miles  above 
the  mouth  and  2.5  miles  northeast  of  Oxford,  New  Jersey.  (See  plate 
23.)  The  drainage  area  above  the  dam  site  is  100  square  miles. 
Suggested  storage  allocations  for  ultimate  development  are  3,000 
acre-feet  of  inactive  long-term  storage  to  elevation  455  and  38,000 
acre-feet  of  active  long-term  storage  for  supplies  of  wa ter  and 
recreation  to  elevation  507.  The  reservoir  at  elevation  507  would 
extend  about  4.5  miles  upstream  and  provide  a reservoir  area  of 
1,260  acres.  Total  lands,  including  the  eventual  reservoir  area, 
desirable  for  the  initial  stage  of  development  comprise  4,520  acres 
at  an  estimated  cost  of  about  3.2  million  dollars.  The  estimated 
cost  of  the  initial  stage  of  development  is  5.0  million  dollars,  in 
eluding  an  estimated  2.0  million  dollars  to  acquire  the  reservoir 
area  to  assure  its  preservation  for  future  use  and  3.0  million 
dollars  of  specific  recreation  costs.  Included  in  the  latter  are 
1.2  million  dollars  for  recreation  lands  and  1.8  million  dollars 
for  recreation  facilities.  The  estimated  cost  of  the  complete  two- 
stage  development  is  16.3  million  dollars,  of  which  11.3  million 
dollars  is  the  estimated  cost  of  the  dam  and  appurtenant  works,  re- 
locations and  reservoir  clearing. 

b . Functions . 

(1)  Supplies  of  water.  When  fully  developed,  use 
of  38,000  acre-feet  of  active  long-term  storage  in  the  Pequest 
Project  would  provide  a net  yield  of  75  cubic  feet  per  second. 

This  flov;  augmentation  would  contribute  to  the  satisfaction  of  the 
water  needs  after  the  year  2010 

(2)  Recreation.  The  Pequest  Project  would  provide 
a recreation  capacity  to  accommodate  312,000  visitors  annually  dur- 
ing the  initial  stage  of  development  and  520,000  visitors  annually 
when  fully  developed  The  general  setting  of  this  proposed  reser- 
voir site  is  excellent  for  nonurban  recreation  purposes.  The  south 
east  shores  are  well  situated  for  intensive  day-use  purposes. 


121 


130.  Hackettstown  ProiecL. 

a.  Description.  The  Hackettstov/n  Project,  fully  developed 
in  two  stages,  would  be  a multiple-purpose  project  to  provide  supplies 
of  water  and  recreation.  The  initial  development  to  satisfy  existing 
recreation  needs  is  economically  feasible  and  is  proposed  for  the  im- 
mediate future.  It  is  also  proposed  that,  contingent  upon  the  wishes 
of  local  interests,  land  be  acquired  for  the  initial  stage  of  develop- 
ment as  it  becomes  available.  Such  an  arrangement  will  assure  preser- 
vation of  the  potential  reservoir  which  is  considered  essential  to 
water  resources  development  in  the  basin  after  the  year  2010  when  full 
development  of  the  site  is  indicated.  The  project  site  is  located  on 
Musconetcong  River  about  three  miles  upstream  from  Hackettstown,  Nev; 
Jersey.  (See  plate  24.)  The  drainage  area  upstream  from  the  dam  site 
is  70  square  miles.  Suggested  storage  allocations  for  ultimate  de- 
velopment are  1,000  acre-feet  of  inactive  long-term  storage  to  eleva- 
tion 630  and  22,000  acre-feet  of  active  long-term  storage  for  supplies 
of  water  and  recreation  to  elevation  665.  The  reservoir  at  elevation 
665  would  extend  about  five  miles  upstream  and  provide  a reservoir 
area  of  1,200  acres.  Total  lands,  including  the  eventual  reservoir 
area,  desirable  for  the  initial  stage  of  development  would  comprise 
10,362  acres  at  an  estimated  cost  of  8.6  million  dollars.  The  esti- 
mated cost  of  the  initial  stage  of  development  is  17.1  million 
dollars,  including  an  estimated  3.5  million  dollars  to  acquire  the 
reservoir  area  to  assure  its  preservation  for  future  use  and  13.6 
million  dollars  of  specific  recreation  costs.  Included  in  the  latter 
are  5.1  million  dollars  for  recreation  lands  and  8.5  million  dollars 
for  recreation  facilities.  The  estimated  cost  of  the  complete  two- 
stage  development  is  23.0  million  dollars  of  which  10.9  million 
dollars  is  the  estimated  cost  of  the  dam  and  appurtenant  works,  re- 
locations and  reservoir  clearing. 

b . Functions . 

(1)  Supplies  of  water.  When  fully  developed,  use  of 
22,000  acre-feet  of  active  long-term  storage  in  the  Hackettstown 
Project  would  provide  a net  yield  of  53  cubic  feet  per  second.  This 
flow  augmentation  would  contribute  to  the  satisfaction  of  the  water 
needs  after  the  year  2010 

(2)  Recrea  tion . The  Hackettstown  Project  would  pro- 
vide a recreation  capacity  to  accommodate  1,500,000  visitors  annual- 
ly during  the  initial  stage  of  development  and  2,500,000  visitors 
annually  when  fully  developed.  The  total  recreation  resources 
available  would  provide  outstanding  nonurban  recreation  opportunities. 
The  character  of  the  area  is  such  that  facilities  for  every  conceiv- 
able type  of  nonurban  recreation  could  be  included  in  the  development 
p lan . 
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131 . New  Hampton  Project 

a.  Description.  The  New  Hampton  Project,  fully  de- 
veloped in  two  stages,  would  be  a multiple-purpose  project  to  pro- 
vide supplies  of  water  and  recreation.  The  development  to  satisfy 
existing  initial  recreation  needs  is  economically  feasible  and  is 
proposed  for  the  immediate  future.  It  is  also  proposed  that,  con- 
tingent upon  the  wishes  of  local  interests,  land  be  acquired  for 
the  initial  stage  of  development  as  it  becomes  available.  Such  an 
arrangement  will  assure  preservation  of  the  potential  reservoir 
which  is  considered  essential  to  water  resources  development  in 
the  basin  after  the  year  2010  when  full  development  of  the  site  is 
indicated.  The  project  site  is  located  on  Musconetcong  River  2.5 
miles  south  of  Washington,  New  Jersey  (See  plate  25.)  The  gross 
drainage  area  upstream  from  the  dam  site  is  123  square  miles,  in- 
cluding 70  square  miles  contributing  to  the  proposed  Hackettstown 
project.  Suggested  storage  allocations  for  ultimate  development 
are  2,000  acre-feet  of  inactive  long-term  storage  to  elevation  375 
and  42,000  acre- feet  of  active  long-term  storage  for  supplies  of 
water  and  recreation  to  elevation  426.  The  reservoir  at  elevation 
426  would  extend  upstream  from  the  dam  about  seven  miles  and  pro- 
vide a reservoir  area  of  1,850  acres.  Total  lands,  including  the 
eventual  reservoir  area,  desirable  for  the  initial  stage  of  de- 
velopment would  comprise  5,518  acres  at  an  estimated  cost  of  about 
11.2  million  dollars.  The  estimated  cost  of  the  initial  stage  of 
development  is  16.3  million  dollars  including  an  estimated  7.3 
million  dollars  to  acquire  the  reservoir  area  to  assure  its  preser- 
vation for  future  use  and  9.0  million  dollars  of  specific  recrea- 
tion costs.  Included  in  the  latter  are  3.9  million  dollars  for 
recreation  lands  and  5.1  million  dollars  for  recreation  facilities. 
The  estimated  cost  of  the  complete  two-stage  development  is  29.6 
million  dollars,  of  which  13.3  million  dollars  is  the  estimated 
cost  of  the  dam  and  appurtenant  works,  relocations  and  reservoir 
clearing. 

b . Functions . 

(1)  Supplies  of  water.  When  fully  developed,  use 
of  42,000  acre- feet  of  active  long-term  storage  in  the  New  Hampton 
Project  would  provide  a net  yield  of  82  cubic  feet  per  second. 

(Net  yield  would  be  increased  to  95  cubic  feet  per  second  with  the 
proposed  Hackettstown  and  New  Hampton  Projects  operating  in  series.) 
This  flow  augmentation  would  contribute  to  the  satisfaction  of  the 
water  needs  after  the  year  2010 

(2)  Recreation.  The  New  Hampton  Project  would  pro- 
vide a recreation  capacity  to  accommodate  900,000  visitors  annually 
during  the  initial  stage  of  development  and  1,500,000  visitors  an- 
nually when  fully  developed.  The  northwest  shore  of  the  reservoir 
is  ideally  situated  for  the  placement  of  day-use  facilities  to  ac- 
commodate large  visitor  loads.  The  southeast  shore  rises  steeply 
and  is  well  forested,  thus  providing  an  interesting  backdrop  for 
day-use  areas  on  the  opposite  shore. 
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Tohickon  Pro  ,t‘cL 

a.  Description  The  Tohickon  Project,  fully  developed 
in  two  stages,  would  be  a multiple-purpose  project  to  provide 
supplies  of  water  and  recreation.  The  initial  development  to  sat- 
isfy existing  recreation  needs  is  economically  feasible  and  is  pro- 
posed for  the  immediate  future  It  is  also  proposed  that,  contin- 
gent upon  the  wishes  of  local  interests,  land  be  acquired  for  the 
initial  stage  of  development  as  it  becomes  available.  Such  an 
arrangement  will  assure  preservation  of  the  potential  reservoir 
which  is  considered  essential  to  water  resources  development  in 
the  basin  after  the  year  2010  when  full  development  of  the  site  is 
indicated.  The  project  site  is  located  on  Tohickon  Creek  about  one 
mile  southwest  of  Ottsvilie,  Pennsylvania.  (See  plate  26.)  The 
drainage  area  above  the  dam  site  is  75  square  miles.  Suggested 
storage  allocations  for  ultimate  development  are  1,500  acre-feet  of 
inactive  long-term  storage  to  elevation  335  and  30,000  acre-feet  of 
active  long-term  storage  for  supplies  of  water  and  recreation  to 
elevation  383.  The  reservoir  at  elevation  388  would  extend  aboui. 
6-1/2  miles  upstream  and  provide  a reservoir  area  ol  1,250  acres. 
Total  lands, including  the  eventual  reservoir  area,  indicated  as  de- 
sirable for  the  initial  stage  of  development  at  this  project  would 
include  7,475  acres  at  an  estimated  cost  of  7.9  million  dollars. 

The  estimated  cost  of  che  initial  stage  of  development  is  12.2 
million  dollars  including  an  estimated  one  million  dollars  to  ac- 
quire the  reservoir  area  to  assure  its  preservation  for  future  use 
and  11.2  million  dollars  for  specific  recreation  costs.  Included 
in  the  latter  are  6.9  million  dollars  for  recreation  lands  and  4.3 
million  dollars  for  recreation  facilities.  The  estimated  cost  of 
the  complete  two-stage  development  is  21.3  million  dollars,  of 
which  9.6  million  dollars  is  the.  estimated  cost  of  the  dam  and 
appurtenant  works,  relocations  and  reservoir  clearing. 

b . Func lions 

(1)  Supplies  of  water.  When  fully  developed,  use 
of  30,000  acre-feet,  of  active  long-term  storage  at  Tohickon  Project 
would  provide  a net  yield  of  49  cubic  feet  per  second.  This  flow 
augmentation  would  contribute  to  the  satisfaction  of  the  water 
needs  after  the  year  2010. 

(2)  Recreation  The  Tohickon  Project  would  provide 
a recreation  capacity  to  accommodate  about  750,000  annual  visitors 
during  the  initial  stage  of  development  and  1,250,000  visitors 
annually  when  fully  developed.  The  recreation  area  would  be  pri- 
marily developed  for  day-use  activities. 

c Preservation  of  site  Late  in  September,  1960,  the 
Commonwealth  of  Pennsylvania  announced  its  plan  to  purchase  land 
in  the  area  of  the  proposed  Tohickon  Project  for  a state  park. 

The  Commonwealth's  intent  is  to  develop  the  area  initially  for 
recreation,  and  thus  preserve  the  site  for  future  additional  de- 
velopment for  water  supply.  The  General  Assembly  of  the  Common- 
wealth has  made  funds  in  the  amount  of  $1,000,000  available  for 
the  land  acquisition  program  for  this  project. 
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Newtown  Project 

a.  Description.  The  Newtown  Project,  fully  developed  in 
two  stages,  would  be  a multiple-purpose  project  to  provide  supplies 
of  water  and  recreation.  The  initial  development  to  satisfy  exist- 
ing recreation  needs  is  economically  feasible  and  is  proposed  for 
the  immediate  future.  It  is  also  proposed  that,  contingent  upon 

the  wishes  of  local  interests,  land  be  acquired  for  the  initial  stage 
of  development  as  it  becomes  available  Such  an  arrangement  will 
assure  preservation  of  the  potential  reservoir  which  is  considered 
essential  to  water  resources  development  in  the  basir.  after  the  year 
2010  when  full  development  of  the  site  is  indicated.  The  project 
site  is  located  on  Neshaminy  Creek  about  19  miles  upstream  from  its 
confluence  with  Delaware  River  and  three  miles  west  of  Newtown, 
Pennsylvania.  (See  plate  27  ) The  drainage  area  upstream  from  the 
dam  site  is  150  square  miles.  Suggested  storage  allocations  for 
ultimate  development  are  2,000  acre-feet  of  inactive  long-term 
storage  to  elevation  114  and  60,000  acre-feet  of  active  long-term 
storage  for  supplies  of  water  and  recreation  to  elevation  176.  The 
reservoir  at  elevation  176  would  extend  about  nine  miles  upstream 
from  the  dam  and  provide  a reservoir  area  of  2,120  acres.  Toral 
lands,  including  the  eventual  reservoir  area,  desirable  for  the 
initial  stage  of  development  would  comprise  7,200  acres  at  an  esti- 
mated cost  of  about  21.4  million  dollars.  The  estimated  cost  of 
the  initial  stage  of  development  is  27.8  million  dollars  including 
an  estimated  9.3  million  dollars  to  acquire  the  reservoir  area  to 
assure  its  preservation  for  future  use  and  18.5  million  dollars  of 
specific  recreation  costs  Included  in  the  latter  are  12.1  million 
dollars  for  tecreation  lands  and  6.4  million  dollars  for  recreation 
facilities.  The  estimated  cost  of  the  complete  two-stage  develop- 
ment is  46.4  million  dollars,  of  which  18  6 million  dollars  is  the 
estimated  cost  of  the  dam  and  appurtenant  works  relocations  and 
reservoir  clearing. 

b . Functions. 

(1)  Supplies  of  water.  When  fully  developed,  use 

of  60,000  acre-feet  of  active  long-term  storage  in  the  Newtown  Proj- 
ect would  provide  a net  yield  of  100  cubic  feet  per  second.  This 
flow  augmentation  would  contribute  to  the  satisfaction  of  the  water 
needs  after  the  year  2010  This  reservoir  project  is  ideally  lo- 
cated geographically  for  purposes  of  equalizing  daily  and  weekly 
peaks  in  the  municipal  water  demands  for  the  Philadelphia  metro- 
politan area  and  this  potential  further  supports  the  need  for 
future  development  of  the  Newtown  Project  for  water  supply  purposes 

(2)  Recreation  The  Newtown  Project  would  provide 
a recreation  capacity  to  accommodate  1.125.000  visitors  annually 
during  the  initial  stage  of  development  and  1,875,000  visitors 
annually  when  fully  developed.  Of  considerable  Importance  at  this 
site  is  the  wide  expanse  of  open  land  readily  adaptable  for  inten- 
sive nonurban  recreation  purposes.  The  terrain  is  ideally  suited 
for  the  development  of  facilities  to  accommodate  large  visitor 
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loads.  The  site  would  be  developed  primarily  for  intensive  day- 
outing purposes  with  facilities  for  swimming,  boating,  fishing, 
picnicking,  field  sports  and  related  activities. 
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134. 


French  Creek  Project 

a Description.  The  French  Creek  Project,  fully  de- 
veloped in  two  stages,  would  be  a multiple-purpose  project  to 
provide  supplies  of  water  and  recreation.  The  initial  develop- 
ment to  satisfy  existing  recreation  needs  is  economically  feas- 
ible and  is  proposed  for  the  immediate  future.  It  is  also  pro- 
posed that,  contingent  upon  the  wishes  of  local  interests,  land 
be  acquired  for  the  initial  stage  of  development  as  it  becomes 
available.  Such  an  arrangement  will  assure  preservation  of  the 
potential  reservoir  which  is  considered  essential  to  water  re- 
sources development  in  the  basin  after  year  2010  when  full  de- 
velopment of  the  site  is  indicated.  The  project  site  is  located 
about  9.5  miles  above  the  mouth  of  French  Creek  and  3 miles  west 
of  Phoenixville,  Pennsylvania.  (See  plate  23.)  The  drainage 
area  upstream  from  the  dam  site  is  47  square  miles.  Suggested 
storage  allocations  for  ultimate  development  are  1,300  acre- 
feet  of  inactive  long-term  storage  to  elevation  240  and  25,700 
acre-feet  of  active  long-term  storage  for  supplies  of  water  and 
recreation  to  elevation  289.  The  reservoir  at  elevation  239 
would  extend  3 miles  upstream  from  the  dam  and  provide  a reser- 
voir area  of  1,250  acres.  Total  lands,  including  the  eventual 
reservoir  area  desirable  for  the  initial  stage  of  development 
would  include  4,270  acres  at  an  estimated  cost  of  6.9  million 
dollars.  The  estimated  cost  of  the  initial  stage  of  development 
is  12.1  million  dollars  including  an  estimated  3 million  dollars 
to  acquire  the  reservoir  area  to  assure  its  preservation  for 
future  use  and  9.1  million  dollars  of  specific  recreation  costs. 
Included  in  the  latter  are  3.9  million  dollars  for  recreation 
lands  and  5.2  million  dollars  for  recreation  facilities.  The 
estimated  cost  of  the  two-stage  development  is  18  7 million 
dollars,  of  which  6.6  million  dollars  is  the  estimated  cost,  of 
the  dam  and  appurtenant  works,  relocations  and  reservoir  clear- 
ing 

b . Functions . 

(1)  Supplies  of  water.  When  fully  developed,  use 
of  25,700  acre-feet  of  active  long-term  storage  in  the  French 
Creek  Project  would  provide  a net  yield  of  33  cubic  feet  per 
second.  This  flow  augmentation  would  contribute  to  the  satis- 
faction of  the  water  needs  after  the  year  2010. 

(2)  Recreation.  The  French  Creek  Project  would 
provide  a recreation  capacity  to  accommodate  900,000  visitors 
annually  during  the  initial  stage  of  development  and  1,500,000 
visitors  annually  when  fully  developed.  Approximately  5,000,000 
people  reside  within  50  miles  of  the  site.  The  general  setting, 
the  shoreline  topography,  size  of  the  proposed  impoundment, 
accessibility  by  existing  primary  roads,  and  its  proximity  to 
large  urban  population  combine  to  make  this  one  of  the  most 
choice  nonurban  recreation  sites  in  the  lower  Delaware  River  Basin. 
The  recreation  area  would  be  primarily  developed  for  day-use  ac- 
tivities . 
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Id j . Evansburg  Project 

a Description . The  Evansbur0  Project,  fully  developed 
in  two  stages,  would  be  a multiple-purpose  project  to  provide  sup- 
plies of  water  and  recreation.  The  initial  development  to  satisfy 
existing  recreation  needs  is  economically  feasible  and  is  proposed 
for  the  immediate  future.  It  is  also  proposed  that,  contingent  upon 
the  wishes  of  local  interests,  land  be  acquired  for  the  initial 
stage  of  development  as  it  becomes  available.  Such  an  arrangement 
will  assure  preservation  of  the  potential  reservoir  which  is  con- 
sidered essential  to  water  resources  development  in  the  basin  after 
the  year  2010  when  full  development  of  the  site  is  indicated.  The 
project  site  is  located  on  Skippack  Creek  about  a mile  above  its 
confluence  with  Perkiomen  Creek  and  about  two  miles  southeast  of 
Col legevil le , Pennsylvania.  (See  plate  29.)  The  drainage  area 
above  the  dam  site  is  54  square  miles.  Suggested  storage  alloca- 
tions for  ultimate  development  are  1,500  acre-feet  of  inactive  long- 
term storage  to  elevation  125  and  23,500  acre-feet  of  active  long- 
term storage  for  supplies  of  water  and  recreation  to  elevation  166. 
The  reservoir  at  elevation  166  would  extend  about  eight  miles  up- 
stream from  the  dam  and  provide  a reservoir  area  of  1,120  acres. 

The  total  lands,  including  the  eventual  reservoir  area,  indicated 
as  desirable  for  the  initial  stage  of  development  at  this  project 
include  4,654  acres  at  an  estimated  cost  of  about  11.0  million 
dollars.  The  estimated  cost  of  the  initial  stage  of  development 
is  16.3  million  dollars  which  includes  an  estimated  4.3  million 
dollars  to  acquire  the  reservoir  area  to  assure  its  preservation 
for  future  use  and  12.0  million  dollars  of  specific  recreation 
costs.  Included  in  the  latter  are  6,7  million  dollars  for  recrea- 
tion lands  and  5.3  million  dollars  for  recreation  facilities.  The 
estimated  cost  of  the  complete  two-stage  development  is  23.3 
million  dollars,  of  which  7.5  million  dollars  is  the  estimated  cost 
of  the  dam  and  appurtenant  works,  relocations  and  reservoir  clear- 
ing. 

b . Functions . 

(1)  Supplies  of  water.  When  fully  developed,  use 
of  23,500  acre-feel  of  active  long-term  storage  in  the  Evansburg 
Project  would  provide  a net  yield  of  36  cubic  feet  per  second. 

This  flow  augmentation  would  contribute  to  the  satisfaction  of 
the  water  needs  after  the  year  2010. 

(2)  Recreation . Evansburg  Project  would  provide 
a recreation  capacity  to  accommodate  936,000  visitors  annually 
during  the  initial  stage  of  development  and  1,560,000  visitors 
annually  when  fully  developed.  The  topography  of  the  land  sur- 
rounding the  reservoir  varies  from  steep  near  the  dam  site,  to 
rolling  with  an  exceptional  amount  of  usable  area.  This  area 
would  be  particularly  adaptable  for  such  activities  as  swimming, 
boating,  fishing,  picnicking,  hiking,  field  sports,  nature  study, 
and  group  camping. 


186.  DESCRIPTION  OF  SMALL  CONTROL  PROJECTS.  Thirty-nine 
small  control  projects  are  proposed  as  elements  of  the  overall 
plan  for  the  control  and  utilization  of  the  water  resources  of 
the  basin.  Thirty-six  can  be  accomplished  under  continuing 
authorizations  and  must  be  studied  and  reported  on  in  detail  when 
undertaken  as  features  of  current  programs  authorized  either  by 
Public  Law  566  or  Public  Law  685.  To  avoid  unnecessary  duplica- 
tion of  effort,  these  thirty-six  small  control  projects  are  not 
covered  in  survey  scope  detail  in  this  report.  The  remaining 
three  small  control  projects  exceed  cost  limitations  imposed  by 
Public  Law  685,  but  they  are  eligible  for  accomplishment  under 
Public  Law  566  subject  to  approval  by  the  Senate  Agriculture  and 
Forestry  Committee  and  the  House  Agriculture  Committee.  The 
three  small  control  projects  in  this  category  and  the  order  of 
individual  project  descriptions  are  Parkside,  Swiftwater  and  Jim 
Thorpe . 

187.  Parkside  Project. 

a.  Description.  The  Parkside  Project  is  a single- 
purpose flood  control  project  with  provision  for  incidental 
recreation  use  of  the  sediment  pool.  The  Parkside  dam  site  is 
located  on  Cranberry  Creek,  one  mile  southeast  of  Parkside, 
Pennsylvania,  and  0.5  mile  upstream  from  the  confluence  of  this 
creek  with  Paradise  Creek.  (See  plate  30.)  The  drainage  area 
above  the  dam  site  is  68  square  miles.  Cranberry  Creek  occupies 
a narrow  wooded  valley,  with  the  Delaware,  Lackawanna  and  Western 
Railroad  running  parallel  to  it  high  on  the  east  side.  The  pro- 
posed rolled  earth  fill  dam  would  have  a 23- foot  top  width  at 
elevation  835,  80  feet  above  the  stream  bed.  Low  level  water  re- 
leases, controlled  by  a slide  gate,  would  pass  through  an  outlet 
pipe  having  a riser  up  to  elevation  768.  The  concrete-lined  spill- 
way around  the  left  end  of  the  dam  would  be  70  feet  wide  with  an 
’’overflow"  type  crest  at  elevation  822.  The  concrete  lined  spill- 
way chute  would  be  approximately  650  feet  long  from  the  crest  to 
the  point  when  it  empties  into  the  creek.  Storage  allocations 

for  the  Parkside  Project  are  52  acre-feet  of  inactive  storage  to 
elevation  768  and  2,218  acre-feet  of  flood  control  storage  to 
elevation  822.  The  reservoir  at  the  elevation  of  the  outlet  riser 
would  form  a pool  of  seven  acres  surface  area.  At  the  spillway 
crest  elevation  the  reservoir  would  extend  about  one  mile  up- 
stream and  inundate  107  acres.  No  relocations  are  required  for 
the  development  of  this  site.  The  estimated  cost  of  this  project, 
excluding  $11,000  of  specific  recreation  costs,  is  $1,020,000, 
including  $21,000  for  land  easements  and  rights-of-way. 

b.  Funct ions 

(1)  Reduction  of  Flood  Damage.  Combined  operation 
of  the  flood  control  storage  at  Parkside  Project  and  at  24  other 
proposed  upstream  auxiliary  projects  in  the  Brodhead  Creek  Basin 
will  contribute  to  flood  stage  reductions  in  the  Stroudsburg  and 
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East  Stroudsburg,  Pennsylvania  area.  The  Parkside  Project  specifi- 
cally will  contribute  to  reductions  of  stage  in  the  major  damage 
reach  from  Parkside  to  Stites  Bridge,  Pennsylvania- 

(2)  Recreation.  The  Parkside  Project  would  provide 
recreation  capacity  to  accommodate  a total  of  1,900  visitors 
annually.  Land,  in  addition  to  that  acquired  for  construction  of 
the  project,  would  be  required  to  provide  access  to  the  recreation 
facilities.  Facilities  would  be  provided  for  one-day  outings  in- 
cluding facilities  for  picnicking,  swimming,  boating  and  fishing. 
The  possibility  of  modifying  the  flood  control  project  to  provide 
for  recreation  development  as  a project  purpose  at  the  Parkside 
Project  was  investigated.  For  this  type  of  project  the  height  of 
the  dam  would  be  raised  and  additional  land  acquired  to  provide  a 
recreation  area  and  pool  of  desirable  size.  The  estimated  cost  of 
this  modification  and  the  operation  and  maintenance  costs  for  the 
added  recreation  would  be  charged  to  local  interests.  The  studies 
suggest  that  economic  feasibility  of  such  modification  is  suffi- 
ciently attractive  to  warrant  further  consideration,  at  the  time 
of  preconstruction  studies,  of  local  recreation  needs  and  of  the 
desires  and  willingness  of  local  interests  to  participate  therein. 

A similar  study  was  made  and  the  same  conclusions  determined  for 
the  Jim  Thorpe  and  Swiftwater  Projects,  which  are  described  in 
subsequent  paragraphs.  Details  of  the  studies  made  for  these  three 
small  control  projects  are  contained  in  appendix  R. 
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188.  Swiftwater  Project. 

a.  Descript  ion . The  Swiftwater  Project  is  a single- 
purpose flood  control  project  with  provision  for  incidental  recrea- 
tional use  of  the  sediment  pool.  The  Swiftwater  dam  site  is  lo- 
cated on  Swiftwater  Creek  2.5  miles  east  of  Swiftwater,  Pennsyl- 
vania, and  0-8  mile  upstream  from  the  confluence  with  Paradise 
Creek.  (See  plate  31.)  The  drainage  area  above  the  dam  site  is 
9.7  square  miles.  The  valley  at  the  dam  site  is  flat-bottomed 

and  about  400  feet  wide  with  idle  fields  and  brush  in  the  flood 
plain.  The  hills  on  either  side  are  partly  wooded,  rising  over 
300  feet  above  the  valley  floor.  A paved  secondary  highway  runs 
parallel  to  the  valley  along  the  north  side  about  25  feet  above 
the  creek.  The  proposed  rolled  earth  fill  dam  will  have  a 25- 
foot  top  width  at  elevation  958,  88  feet  above  the  stream  bed. 

Low  level  water  releases,  to  be  controlled  by  a slide  gate, 
would  pass  through  an  outlet  pipe  with  a riser  up  to  elevation 
888.  An  unlined  spillway  chute  70  feet  wide  cut  through  rock 
a round  the  right  end  of  the  dam  will  be  approximately  850  feet 
long  from  the  crest  at  elevation  942  to  the  point  at  which  it 
discharges  into  a small  existing  reservoir  downstream  from  the 
dam  site.  Storage  allocations  for  the  Swiftwater  Project  are 
71  acre-feet  of  inactive  storage  to  elevation  888,  and  3,279 
acre-feet  of  flood  control  storage  to  elevation  942.  The  sur- 
face area  of  the  reservoir  at  elevation  888  will  be  nine  acres. 

At  the  spillway  crest  elevation  the  reservoir  will  extend  about 
one  mile  upstream  and  inundate  107  acres.  Relocation  of  about 
2,000  feet  of  road  parallel  to  the  reservoir  site  will  be  re- 
quired. The  estimated  cost  of  this  project,  excluding  $4,000 
of  specific  recreation  costs,  is  $1,080,000,  including  $47,000 
for  land  easements,  rights-of-way  and  road  relocations. 

b . Funct ions . 

(1)  Reduction  of  flood  damage  Combined  opera- 
tion of  the  flood  control  storage  at  Swiftwater  Project  and  at 
24  other  proposed  upstream  auxiliary  projects  in  the  Brodhead 
Creek  Basin  will  contribute  to  flood  stage  reductions  in  the 
Stroudsburg  and  East  Stroudsburg  area.  The  Swiftwater  Project 
specifically  will  contribute  to  stage  reductions  in  the  major 
damage  reach  downstream  from  the  site  from  East  Swiftwater  to 
Parkside,  Pennsylvania,  and  the  Henryville,  Pennsylvania  area. 

(2)  Recreation  The  Swiftwater  Project  would 
provide  recreation  capacity  to  accommodate  a total  of  1,300 
visitors  annually.  Land,  in  addition  to  that  acquired  for  con- 
struction of  the  project,  would  be  required  to  provide  access 
to  the  recreation  facilities.  Facilities  would  be  provided  for 
one-day  outings  including  facilities  for  picnicking,  swimming, 
boating,  fishing  and  camping. 
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189  Jim  Thorpe  Project. 

a.  Descript  ion.  The  Jim  Thorpe  Project  is  a single- 
purpose flood  control  project  with  provision  for  incidental 
recreational  use  of  the  sediment  pool.  The  Jim  Thorpe  dam  site 
is  located  on  Mauch  Chunk  Creek  2.9  miles  upstream  from  its  con- 
fluence with  Lehigh  River  at  Jim  Thorpe,  Pennsylvania.  (See 
plate  32.)  The  drainage  area  above  the  dam  site  is  6.8  square 
miles.  The  creek  lies  in  a narrow  wooded  valley  between  Pisgah 
Mountain  on  the  north  and  Mauch  Chunk  Ridge  on  the  south.  A 
paved  secondary  highway  runs  along  the  north  side  of  the  valley 
about  100  feet  above  the  stream  at  the  dam  site.  The  rolled 
earth  fill  dam  will  have  a top  width  of  18  feet  at  elevation  988, 

53  feet  above  the  stream  bed.  Low  level  water  releases,  controlled 
by  a slide  gate,  would  pass  through  an  outlet  pipe  with  a riser  up 
to  elevation  952.  A concrete- lined  spillway  around  the  left  end 

of  the  dam  would  be  50  feet  wide  with  the  crest  at  elevation  976, 
and  would  be  approximately  650  feet  long  from  crest  to  the  end  of 
the  lining.  From  that  point,  an  earth  channel  about  500  feet  long 
would  carry  flood  flows  back  to  the  creek  bed.  Storage  allocations 
for  the  Jim  Thorpe  Project  are  80  acre- feet  of  inactive  storage  to 
elevation  952  and  1,520  acre-feet  of  flood  control  storage  to  ele- 
vation 976.  The  surface  area  of  the  reservoir  at  elevation  952 
will  be  14  acres.  At  the  spillway  crest  elevation,  the  reservoir 
would  extend  about  1.5  miles  upstream  and  inundate  130  acres.  No 
relocations  are  required  for  development  of  this  project.  The 
estimated  cost  of  the  project,  excluding  $14,000  of  specific 
recreation  costs,  is  $469,000,  including  $24,000  for  lands,  ease- 
ments and  rights-of-way. 

b.  Functions . 

(1)  Reductions  of  Flood  Damage.  Operation  of  the 
flood  control  storage  at  Jim  Thorpe  Project  contributes  to  flood 
stage  reductions  in  the  major  damage  reach  located  at  the  town  of 
Jim  Thorpe,  Pennsylvania. 

(2)  Recreation.  The  Jim  Thorpe  Project  would  pro- 
vide recreation  capacity  to  accommodate  a total  of  3,800  visitors 
annually.  Land,  in  addition  to  that  acquired  for  construction  of 
the  project,  would  be  required  to  provide  access  to  the  recreation 
facilities.  Facilities  would  be  provided  for  one-day  outings  in- 
cluding facilities  for  picnicking,  swimming,  boating,  fishing  and 
camping. 

c.  Evidence  of  local  interest.  The  local  people  have 
demonstrated  interest  in  this  project,  for  multi-purpose  use,  by 
requesting  planning  assistance  from  the  Soil  Conservation  Service. 

189a.  A summary  cost  table  listing  the  first  costs  of  the 
water  control  projects  in  the  plan  of  development  is  shown  in 
Table  VII-5. 
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(In  thousands  of  dollars) 


CHAPTER  VIII 

PHYSICAL  EFFECTS  AND  ECONOMICS  OF  THE  PLAN 


190.  GENERAL  NATURE  OF  EVALUATION'S.  The  extent  and  effective- 
ness of  the  plan  of  development  to  satisfy  the  needs  for  the  products 
and  services  to  be  derived  from  the  control  and  utilization  of  the 
basin’s  water  resources  were  evaluated  in  terms  of  the  physical 
effects  and  the  economics  of  the  improvements.  The  results  of  these 
evaluations  are  ummarized  in  the  paragraphs  below. 

191.  PHYSICAL  EFFECTS  AND  SERVICES  OF  MAJOR  CONTROL  PROJECTS 
The  effect  of  the  major  control  projects  when  operated  as  a coordi- 
nated system  would  be  to  impound  excess  surface  runoff  for  flood 
control,  for  in-place  use,  and  for  delayed  release  and  use  down- 
stream during  periods  of  low  flows.  The  basinwide  effects  of  the 
proposed  system  of  impoundments  are  shown  in  table  VIII- 1 by  sub- 
basins in  terms  of  peak  discharges  for  the  floods  of  May  1942, 

August  1955  and  the  hypothetical  basin  project  flood.  The  reduc- 
tions in  flood  peaks  and  stages  were  obtained  from  hypothetical 
operations  to  reduce  flood  flows  as  nearly  as  possible  to  the  safe 
discharge  capacities  of  the  stream  channels.  The  reductions  shown 
under  the  proposed  plan  include  the  effects  of  flood  control  storage 
at  the  Tocks  Island,  Beltzville,  Aquashicola,  Trexler,  Blue  Marsi 
and  Maiden  Creek  Projects.  The  flood  reductions  shown  for  exist!:,, 
projects  or  for  projects  under  construction  include  the  effects  of 
Bear  Creek,  Edgar  Jadwin  and  Prompton  reservoirs. 

192.  The  effects  of  operation  of  the  system  to  meet  the  pro- 
jected 1988  and  2010  needs  for  supplies  of  water  at  key  demand 
points  in  the  basin  are  shown  in  tables  VIII-2  and  VIII-3,  respec- 
tively, for  a three-year  drought  period  corresponding  to  that  of 
the  1930's.  In  these  tables  the  reference  flows  include  flow  mod- 
ifications for  all  existing  projects  and  the  effects  of  a projected 
operation  of  the  three  reservoirs  of  the  New  York  City  Board  of 
Water  Supply  (Pepacton,  Neversink  and  Cannonsville)  at  the  target 
demand  years.  The  progressive  availability  of  water  to  satisfy  all 
the  projected  requirements  at  Bethlehem,  Trenton,  Pottstown  and 
Philadelphia,  is  shown  in  table  VIII-4.  The  system  also  creates 
sufficient  excess  in  the  combined  flows  of  the  Schuylkill  and  Delaware 
Rivers  to  permit  supplementary  diversions  to  the  Wilmington  area  of 
such  amount  as  to  completely  satisfy  the  water  needs  of  that  area 
after  the  flow  augmentations  produced  by  the  Newark  and  Christiana 
Projects  have  been  fully  realized. 

193.  The  four  projects  in  the  Lehigh  River  Basin,  Bear  Creel:, 
Beltzville,  Aquashicola  and  Trexler,  will  provide  flows  of  not  less 
than  710  cubic  feet  per  second  at  Bethlehem,  Pennsylvania.  Hawk 
Mountain,  Prompton  and  Tocks  Island,  in  coordinated  operation  with 
the  Lehigh  projects,  will  provide  flows  not  less  than  4,720  cubic 
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TABLE  VI II -2 


EFFECTS  OF  PLAN  OF  IMPROVEMENT  ON  LOW  i 1.0WS  DURiNG  DROUGHT  OK  1930-1932 
WITH  PROJECTED  WATER  DEMANDS  OF  YEAR  !988 
(in  cubic  feet  per  second) 


Lehigh 

River 

— 

Delaware 

River 

Schuy Lktll 

River 

Schuylkill 

River 

Dal.  R.  at 

Trenton  + 

at  Bethlehem 

at  Trenton 

at.  Puttstown 

at  Philadelphia 

Sch.  R. 

at  Phlla. 

Reference 

Modified 

Reference 

Mod if  ted 

Reference  M 

jdif led 

Reference 

Modified 

Reference 

Modlf led 

Flow 

Flow 

Flow 

FI  ow 

Flow 

Flow 

Flow 

Flow 

Flow 

Flow 

1930 

a) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

w 

(9) 

(10) 

January 

2,270 

2,270 

10,490 

10,490 

1,730 

1,730 

2,650 

2,650 

13,140 

13,140 

February 

2 ,060 

2,060 

10,420 

10,420 

2,160 

2,160 

3,870 

3,870 

14,290 

14,290 

March 

3,110 

3.L10 

16,270 

1.6,270 

2,520 

2,520 

3,740 

3,740 

20,010 

20,010 

April 

3,290 

3,290 

13,070 

13,070 

2,330 

2,330 

3,180 

3,180 

16,250 

16,250 

May 

2,280 

2,280 

6 , 640 

6 ,640 

1,300 

1,300 

1,870 

1,870 

8,510 

8,510 

June 

2,010 

2,010 

7,680 

7,680 

950 

950 

1,300 

1,300 

8,980 

8,980 

July 

1,120 

1,160 

3,950 

3,990 

460 

510 

650 

700 

4,600 

4 ,690 

August 

560 

860 

2,700 

3,650 

310 

550 

410 

640 

3,110 

4,290 

September 

520 

790 

2,690 

3,650 

350 

570 

440 

650 

3.130 

4,300 

October 

400 

660 

2,540 

3,650 

260 

490 

300 

530 

2,840 

4,180 

November 

420 

590 

2,910 

3,650 

310 

470 

410 

560 

3,320 

4,210 

December 

470 

580 

3,040 

3.650 

420 

520 

590 

690 

3,630 

4 ,340 

1931 

January 

690 

670 

4,160 

3,960 

690 

630 

1,060 

1,000 

5,220 

4,960 

February 

1,080 

1,030 

4,810 

4,430 

950 

830 

1,550 

1,420 

6,360 

5,850 

March 

2,100 

1,720 

10,710 

7,560 

1,360 

970 

2,010 

1,620 

12,720 

9,180 

April 

2,770 

2,250 

16,160 

15,640 

1,510 

1 , 100 

2,180 

1,770 

18,340 

17,410 

May 

2,760 

2,600 

13,040 

12,880 

1,800 

1,780 

2,430 

2,420 

15,470 

15,300 

June 

1,410 

1,410 

8,100 

8,100 

1,100 

1,100 

1,790 

1,790 

9,890 

9,890 

July 

1,490 

1,490 

8,950 

8,950 

1,370 

1,370 

2,790 

2,790 

11,740 

11,740 

August 

840 

870 

3.700 

3,740 

740 

740 

1,290 

1 ,290 

4,990 

5,030 

September 

700 

880 

3,130 

3,650 

550 

690 

880 

I ,020 

4,010 

4,570 

October 

460 

740 

2,550 

3,650 

400 

640 

600 

840 

3,150 

4,490 

November 

410 

670 

2,460 

3,650 

310 

560 

440 

700 

2,900 

4,350 

December 

620 

750 

3,650 

3,650 

530 

650 

740 

860 

4,390 

4,510 

1932 

January 

1,630 

1,380 

9,840 

7,630 

1,900 

1,620 

3,030 

2,750 

12,870 

10,380 

February 

1,710 

1,480 

10,640 

10,420 

1,210 

960 

1,700 

1,460 

12,340 

11 ,8b0 

March 

2,110 

1,820 

8,540 

8,240 

2,290 

2,070 

3,620 

3,400 

12,160 

11,640 

April 

3,440 

3,310 

18,780 

18,650 

2,500 

2,500 

3.790 

3,790 

22,570 

22  ,h40 

May 

1,920 

1,920 

8,540 

8 , 540 

1 ,580 

1 ,880 

2,560 

2,560 

11,100 

11,100 

June 

1,420 

1,420 

6,040 

6,040 

1,060 

1,060 

1,360 

1 ,3b0 

7,400 

7,400 

July 

910 

1,030 

3,760 

3,890 

560 

640 

730 

810 

4,490 

4,700 

August 

550 

810 

2,680 

3,650 

440 

650 

580 

790 

3,260 

4,440 

September 

370 

660 

2,440 

3,650 

260 

520 

350 

620 

2,790 

4,^70 

October 

1,420 

1,190 

7,710 

5,860 

1,260 

990 

1,750 

1 ,480 

9,460 

November 

4,950 

4,500 

22,640 

22,190 

3,760 

3,470 

6,420 

6,130 

29,060 

28,320 

December 

1,710 

1,710 

7,880 

7,880 

1,530 

1,530 

2,380 

2,380 

10,260 

10,260 

Reference  flows  in  columns  (1),  (5).  and  -)  are  observed  in  monthly  flows. 

Columns  (3)  and  (9}  are  modified  f r tr  iti*  s i a ; jected  .nation  of  Pepacton, 

NeversLnk  and  Cannonsville  with  diverse;  t 800  mgd  to  NYC  and  maintenance  of  1750  cfs  at 
Montague,  nj , lii  accordance  with  ■ 19 

Columns  (2)  (4),  (6)  , (8)  and  (10)  are  noditie.!  i ' ows  result  I of.  from  operation  of  the 

proposed  system  of  impoundments. 


TABLE  VI I 1-3 

EFFECTS  OF  PLAN  OF  IMPROVEMENT  ON  LOW  FLOWS  DURING  DROUGHT  OF  1930-1932 
WITH  PROJECTED  WATER  DEMANDS  OF  YEAR  2010 
(in  cubic  feet  per  second) 


Lehigh  River 

Delaware 

River 

Schuylkill 

River  1 

Schuylkill 

River 

Del.  R at 

Trenton  -f 

at  Bethlehem 

at  -Trenton 

at  Pottstown 

at  Philadelphia 

Sch.  R. 

at  Phila. 

Reference 

Modified 

Reference 

Modified  j 

Reference  Modified 

Reference 

Modified! 

Reference 

Modified 

Flow 

Flow 

Flow 

Flow 

Flow 

Flow 

Flow 

Flow 

Flow 

Flow 

1930 

(i) 

(2) 

(3) 

(4) 

(3) 

(6) 

(7) 

(8) 

(9) 

(10) 

January 

2,270 

2,270 

10,490 

10,490 

1,730 

1,730 

2,650 

2,650 

13,140 

13,140 

February 

2,060 

2,060 

10,420 

10,420 

2,160 

2,160 

3,870 

3,870 

14,290 

14,290 

March 

3,110 

3,110 

16,270 

16,270 

2,520 

2,520 

3,740 

3,740 

20,010 

20,010 

April 

3,290 

3,290 

13,070 

13,070 

2,330 

2,330 

3,180 

3,180 

16,250 

16,250 

May 

2,280 

2,280 

6,640 

6,640 

1,300 

1,300 

1,870 

1,870 

8,510 

8,510 

June 

2,010 

2,010 

7,680 

7,680 

950 

950 

1,300 

1,300 

8,980 

8,980 

July 

1,120 

1,290 

3,950 

5,040 

460 

630 

650 

820 

4,600 

5,860 

August 

560 

1,190 

2,700 

5,170 

310 

600 

410 

690 

3,110 

5,860 

September 

520 

1,090 

2,690 

5,150 

350 

620 

440 

710 

3,130 

5,860 

October 

400 

950 

2,540 

5,280 

260 

550 

300 

580 

2 ,840 

5,860 

November 

420 

810 

2,910 

5,230 

310 

540 

410 

630 

3.320 

5,860 

December 

470 

740 

3,040 

5,120 

420 

590 

590 

760 

3,630 

5,880 

1931 

January 

690 

740 

4,160 

4,760 

690 

730 

1,060 

1,100 

5,220 

5,860 

February 

1,080 

1,030 

4,810 

4,720  1 

950 

910 

1,550 

1,510 

6,360 

6,230 

March 

2,100 

1,260 

10,710 

4,720 

1,360 

1,000 

2,010 

1,650 

12,720 

6,370 

April 

2,770 

1,450 

16,160 

8,900  | 

1,510 

1,100 

2,180 

1,770 

18,340 

10,670 

May 

2,760 

2,350 

13,040 

12,630 

1,800 

1,200 

2,430 

1,830 

15,470 

14,460 

June 

1,410 

1,410 

8,100 

8,100  1 

1,100 

1,040 

1,790 

1,730 

9,890 

9,830 

July 

1,490 

1,490 

8,950 

8.950  j 

1,370 

1,370 

2,790 

2,790 

11,740 

11,740 

August 

840 

1 ,060 

3.700 

4,720  1 

740 

860 

1,290 

1,410 

4.990 

6.130 

September 

700 

1,130 

3,130 

4,760 

550 

780 

880 

1,100 

4,010 

5,860 

October 

460 

1,040 

2,550 

4,980 

400 

680 

600 

880 

3,150 

5,860 

November 

410 

940  : 

2,460 

5,130 

310 

600 

440 

730 

2,900 

5,860 

December 

620 

910 

3.650 

4,940 

530 

710  ; 

740 

920 

4,390 

5,860 

1932 

January 

1.630 

980  | 

9,840 

4,720 

1,900 

1,620 

3,030 

2,750 

12,870 

7,470 

February 

1,710 

1,140 

10,640 

7,560 

1,210 

960 

1,700 

1,460 

12,340 

9,020 

March 

2,110 

1,370 

8,540 

7,790 

2,290 

1,830 

3,620 

3,160 

12,160 

10,950 

April 

3,440 

3,340 

18,780 

18,680 

2,500 

2,390 

3.790 

3,680 

22,570 

22.360 

May 

1,920 

1 ,920 

8,540 

8,540 

1,880 

1,880 

2,560 

2,560 

11,100 

11,100 

June 

1,420 

1,420 

6,040 

6,040 

1,060 

1,090 

1,360 

1,390 

7,400 

7,430 

July 

910 

1,210  | 

3,760 

4,960 

560 

730  ! 

730 

900 

4,490 

5,860 

August 

550 

1,100  1 

2,680 

5,010 

440 

710  1 

580 

850 

3,260 

5,860 

September 

370 

980 

2,440 

5,200 

260 

560 

350 

660 

2,790 

5,860 

October 

1,420 

1,000 

7,710 

4,720 

1,260 

1,060 

1,750 

1,550 

9,460 

6,270 

Novembar 

4,950 

3,910 

22,640 

19,320 

3.760 

3.180 

6,420 

5,840 

29,060 

25,160 

December 

1,710 

1,710 

7,880 

7,880 

1,530 

1,530 

2,380 

2,380 

10,260 

10,260 

Reference  flows  in  columns  (1),  (5),  and  (7)  are  observed  mean  monthly  flows. 


Columns  (3)  and  (9)  are  modified  for  the  effects  of  a projected  operation  of  Pepacton, 


Neversink  and  Cannonsville  with  diversion  of  300  mgd  to  NYC  and  maintenance  of  1750  cfs  at 


Montague,  NJ,  in  accordance  with  provisions  of  the  Supreme  Court  Decree  of  1954. 


Columns  (2),  (4),  (6),  (8)  and  (10)  are  modified  flows  resulting  from  operation  of  the 


proposed  system  of  impoundments. 
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feet  per  second  dt  Trenton.  Net/  Jersey.  The  two  Schuylkill  Basin 
projects.  Blue  Marsh  and  Maiden  Creek,  will  provide  flows  of  not 
less  than  490  cubic  feet  per  second  and  550  cubic  feet  per  second 
at  Pottstown  and  Philadelphia,  Pennsylvania,  respectively.  The 
two  projects  in  the  Christina  River  Basin,  Newark  and  Christiana, 
in  conjunction  with  diversion  from  a fresh  water  reach  of  the 
Delaware  River,  in  the  vicinity  of  Philadelphia , will  provide  flows 
of  not  less  than  680  cubic  feet  per  second  at  Wilmington,  Delaware. 

194.  Facilities  will  be  provided  in  the  Hawk  Mountain  and 
Tocks  Island  Projects  for  the  generation  of  electrical  energy.  The 
indicated  installed  and  dependable  capacities  and  the  average  annual 
energy  to  be  produced  at  each  of  these  projects  are  shown  in  table 
VI I I- 5 . 

TABLE  VI I I- 5 

POWER  PRODUCTION  AT  MAJOR  CONTROL  PROJECTS 


Pro  jec  t 

KW  Capacity 
Installed  Denendable 

Average  Annual  Energy 
in  Million  KW-Hrs. 

Hawk  Mountain 

21,000 

11,000 

93.8 

Tocks  Island 

Conventional 

46,000 

20,000 

281.5 

Pumped- Storage 

366,000 

342,000 

732.0 

Total 

433,000 

373,000 

1,107.3 

195.  The  recreation  facilities  proposed  for  development  by  the 
year  2010  to  be  provided  at  the  19  major  control  projects,  including 
the  indirectly  related  recreation  facilities,  will  provide  recreation 
opportunities  amounting  to  an  average  of  about  19,200,000  visitor-days 
annually.  Of  this  total,  about  12,300,000  visitor-days  annually  are 
credited  to  directly  related  and  initial  stage  recreation  developments 
and  the  remaining  5,900,000  visitor-days  would  accrue  to  the  indirectly 
related  reserves.  A total  of  29,400  acres  of  water  surface  and  132,900 
acres  of  land  area  would  be  made  available  for  recreation  use  in  and 
around  these  projects.  Table  VIII-6  shows  the  water  and  land  surface 
areas,  and  the  visitor-day  capacity  for  each  of  the  major  control 
projects  In  view  of  the  multi-purpose  use  of  the  proposed  major  water 
control  projects,  it  was  recognized  that  releases  from  the  reservoirs 
for  supplies  of  water  and  production  of  power  might  have  an  adverse 
effect  upon  recreational  use  of  the  reservoirs.  In  order  to  determine 
whether  drawdown  would  be  significant,  drawdown- frequency  relation- 
ships for  the  primary  recreation  season,  June  through  August,  and  for 
the  peri<  d May  through  September,  were  developed  for  seven  representa- 
tive major  reservoirs,  in  different  parts  of  the  basin,  from  among 
those  included  in  the  proposed  plan.  Details  and  results  of  the  anal- 
ysis made  to  develop  these  relationships  are  contained  in  appendix  M. 
From  the  recreation  viewpoint,  a drawdown  of  15  feet  or  more  is  con- 
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TABLE  VIII-6 
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1/  Area  at  top  of  long-term  Impoundment. 

\l  Includes  area  subject  to  short-term  impoundments,  if  any. 

3/  No  significant  impoundment  proposed  in  initial  stage  of  development. 
4/  To  be  developed  after  the  year  2010. 


sidered  undesirable  The  analysis  indicated  that  a drawdown  of  this 
magnitude  might  occur  during  two  to  eight  percent  of  the  months  in 
the  period  of  June  through  August  over  a long  period  of  time.  Draw- 
downs of  20  feet  or  more  would  occur  much  less  frequently  and  the  oc- 
currence of  maximum  drawdowns  would  be  rare.  The  average  frequency  of 
occurrence  of  a 15-foot  drawdown  for  the  seven  reservoirs  studied  is 
about  five  percent  of  the  months,  or  about  one  month  every  seven  years. 
During  low  reservoir  stages  some  inconvenience  may  be  experienced  with 
regard  to  the  recreational  use  of  the  reservoir,  but  boating  and  fish- 
ing could  be  continued  and  full  use  could  be  made  of  other  recreation 
facilities  provided  at  the  projects.  It  is  considered,  therefore, 
that  the  infrequent  occurrence  of  a 15- foot  drawdown  would  not  reduce 
appreciably  the  recreational  use  of  the  reservoirs  nor  reduce  sig- 
nificantly the  benefits  assigned  to  the  recreation  purpose  of  the 
projects , 


196  PHYSICAL  EFFECTS  AND  SERVICES  OF  SMALL  CONTROL  PROJECTS. 

Each  of  the  proposed  small  control  projects  would  be  effective,  pri- 
marily, in  the  reduction  of  flood  damages  in  the  local  reaches  down- 
stream from  the  dam  site.  In  addition,  specific  lands  and  facilities 
for  incidental  recreation  are  proposed  for  the  Parkside,  Swiftwater 
and  Jim  Thorpe  Projects.  The  possibility  of  incorporating  recreation 
as  a project  purpose  at  these  three  projects  appears  attractive  and 
should  be  considered  further  as  indicated  in  paragraph  187  above. 

The  remaining  thirty-six  projects  in  this  category  also  have  poten- 
tials for  providing  local  recreation  opportunities.  These  potentials 
would  need  to  be  defined  and  evaluated  in  accordance  with  local  needs 
and  desires  at  the  time  the  individual  projects  are  studied  for  de- 
velopment under  existing  programs  and  continuing  authorities.  All 
thirty-nine  of  the  proposed  small  control  projects  have  potentials 
for  the  development  of  water  supplies  to  meet  local  demands  as  they 
arise.  As  in  the  case  of  recreation  potentials,  the  water  supply 
potentials  at  these  projects  would  be  entirely  at  local  expense  and 
should  be  defined  and  evaluated  in  accordance  with  local  needs  and 
desires  at  the  time  preconstruction  studies  are  made  for  the  indi- 
vidual projects.  The  need  for  multiple-purpose  development  of  the 
small  control  projects  to  include  local  water  supplies  was  not  in- 
dicated at  the  time  of  this  investigation.  The  overall  definition 
and  evaluation  of  single-purpose  parks  and  water  supply  impoundments 
to  meet  local  recreation  and  water  needs  was  not  undertaken  as  a 
feature  of  this  investigation. 

197.  Because  of  the  small  sizes  of  the  drainage  areas  controlled, 
the  proposed  small  control  projects  were  considered  to  be  effective 
in  controlling  flood  flows  in  reaches  of  the  streams  from  the  dam  site 
to  a point  downstream  where  the  drainage  area  is  approximately  twenty 
times  the  area  controlled  by  the  individual  project.  The  reductions 
of  flood  stages  and  discharges  credited  to  the  small  control  projects 
were  generalized  on  the  basis  of  typical  hydrographs  with  peak  dis- 
charges of  selected  frequencies  of  occurrence  at  the  point  of  reference 


w 


140 


in  the  basin.  These  hypothetical  reductions  served  as  the  basis  for 
estimates  of  flood  control  benefits.  The  area  of  effectiveness  and 
the  flood  control  benefits  assignable  to  the  Parkside,  Swiftwater  and 
Jim  Thorpe  Projects  are  shown  in  table  VIII-7.  Data  on  the  effects 
of  the  remaining  thirty-six  small  control  projects  are  shown  in  that 
table  for  groups  of  projects  with  the  same  general  areas  of  effective- 
ness . 

TABLE  VIII-7 

FLOOD  CONTROL  EFFECTS  OF  SMALL  CONTROL  PROJECTS 


Effective  Area  of  / 

Flood  Damage 

Project  Reduction 


Parkside  Parkside  to  Stites  Bridge,  Pa. 

Swiftwater  E.  Swiftwater  to  Parkside  & 

Henry vi lie,  Pa. 

Jim  Thorpe  Jim  Thorpe,  Pa. 

2 Projects  Walton,  N.  Y. 

1 Project  Callicoon  Ctr.,  N.Br.  & Hortonville,  N.Y. 
23  Projects  Canadensis  to  Stroudsburg,  Pa. 

3 Projects  Bath  Jctn. , Stockerton  & Martins  Cr . , Pa. 

2 Projects  Neshaminy,  Hulmeville  & Chalfont,  Pa. 

5 Projects  Norristown,  NE . Area  & Fairmount  Park  in 
Philadelphia  and  Ft.  Washington,  Pa. 


Annual  Value  of 
Flood  Damage 
Reduction 


$ 41,800 

70.600 
17,800 
35,500 

i.  20,800 

298,000 
i.  50,000 

22,900 
n 

29.600 


198.  Water  surface  areas  and  estimated  visitor-day  capacities 
for  the  three  small  control  projects  at  which  recreation  facilities 
have  been  included  are  shown  in  table  VIII-8. 

TABLE  VIII-8 

RECREATION  OPPORTUNITIES  AT  SMALL  CONTROL  PROJECTS 


' Project 

Water  Surface 
Area  in  Acres  1/ 

Average 

Visitor- 

Parkside 

7 

1,90 

Swiftwater 

9 

1,30 

Jim  Thorpe 

14 

3,80 

1/  Area  at  top  of  outlet  riser 

199.  SUCCESSIVE  PLANNING  EVALUATIONS.  The  broad  objective 
followed  in  the  formulation  of  the  plan  of  improvement  was  to  max- 
imize net  economic  gains  and  human  satisfactions  from  the  use  of 
physical  and  economic  resources  of  the  basin.  The  first  steps  to 
attain  this  objective,  as  reported  in  chapter  VI,  involved  an  assess- 
ment of  the  needs  for  the  products  and  services  to  be  gained  by 
water  resources  development  and  an  inventory  of  the  potential 
measures  that  could  serve  to  fill  these  needs.  Then  followed  a 
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series  of  evaluations  to  establish  the  plan  of  development  that  would 
accomplish  the  task  of  supplying  the  needed  products  and  services 
with  optimum  effectiveness  and  economy. 

200.  These  evaluations,  as  described  in  detail  in  appendix  Q, 
involved,  first,  an  index  of  worth  or  merit  for  each  of  the  major 
projects  under  consideration.  These  indexes  were  based  on  prelim- 
inary appraisals  of  the  worth  and  costs  of  the  individual  projects 
acting  as  independent  units.  The  indexes  of  merit  were  then  used  in 
defining  a number  of  alternative  plans  of  development  designed 
essentially  to  satisfy  the  needs  of  the  basin  with  regard  to  the  type 
and  quantity  of  needed  products  and  services  and  the  timeliness  of 
their  satisfaction.  A complete,  yet  preliminary,  appraisal  of  the 
economic  worth  and  cost  was  made  for  each  alternate  plan  under  con- 
sideration. These  appraisals  served  as  the  basis  for  selecting  from 
the  several  plans,  a single  basic  plan  to  produce,  in  a balanced 
manner,  the  needed  goods  and  services  with  the  least  investment  of 
water  resources  and  funds.  With  due  consideration  as  to  the  nature 
of  the  monetary  appraisals  used  in  this  planning  step  and  the 
character  of  enabling  assumptions  adopted  for  the  appraisals,  the 
selection  of  the  basic  plan  was  based,  essentially,  on  optimized  net 
returns  for  each  plan,  or  segment  thereof,  under  consideration. 

201.  The  plan  thus  selected  was  tailored  to  adhere  to  refined 
estimates  of  needs  and  to  avoid  untimely  production  of  certain  goods 
and  services.  Then,  each  element  proposed  for  multiple-purpose  de- 
velopment, requiring  both  long-term  and  short-term  storage,  was  eval- 
uated over  a range  of  sizes  and  storage  allocations  to  adjust  the 
project  dimensions  and  storage  allocations  for  maximized  net  benefits 
at  individual  sites.  Finally,  the  elements  of  the  plan  were  arranged 
chronologically  to  assure  necessary  balance  and  timeliness  of  products 
and  services  The  major  control  elements  of  the  plan  of  development 
thus  defined  were  described  in  the  previous  chapter.  The  small  con- 
trol projects,  also  described  in  chapter  VII,  were  added  to  the  plan 
to  satisfy  the  needs  for  flood  control  in  the  intermediate  upstream 
areas  of  the  basin  since  these  upstream  problems  were  susceptible  to 
economically  feasible  solution  only  by  means  of  control  projects  of 
this  type, 

202.  BENEFITS  AND  COSTS.  The  soundness  of  the  project  formula- 
tion and  economic  justification  was  tested  further  by  appraisals  to 
assure  that;  (a)  the  elements  of  the  plan  not  preclude  by  their  de- 
velopment, any  more  effective  or  economical  means  of  accomplishing 
the  same  purposes;  (b)  each  separable  element  or  project  purpose  pro- 
vides benefits  at  least  equal  to  its  cost;  and  (c)  the  project  bene- 
fits exceed  project  costs.  The  project  costs  and  benefits  used  in 
these  appraisals  were  estimated  on  the  basis  of  generally  accepted 
evaluation  criteria  with  adjustments  to  reflect  the  1959  price  level. 
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The  following  paragraphs  describe  and  summarize  by  individual  projects 
the  economic  costs  and  benefits,  allocations  of  costs  to  project  pur- 
poses, and  apportionments  of  costs  between  Federal  and  non-Federal 
interests . 

203.  Costs . First  costs  comprise  all  initial  expenditures  asso- 
ciated with  construction  of  the  project  such  as  lands  and  damages,  re- 
locations, reservoir  clearing,  dam  and  appurtenant  works,  dikes,  access 
roads,  buildings  and  utilities,  engineering  and  design,  supervision  and 
administration.  The  first  costs  for  all  projects  in  the  proposed  system 
are  shown  in  column  1,  table  VIII-9.  Table  VIII-9  also  shows  the  annual 
economic  charges,  which  include  interest  and  amortization  (at  a uniform 
low-risk  interest  rate  of  2%%,  for  50-year  period),  operation  and  main- 
tenance charges,  cost  of  major  replacements,  an  allowance  to  reflect 

the  economic  costs  of  land,  and  an  allowance  for  taxes  foregone. 

204.  Benefits.  The  total  annual  benefits  for  each  project  shown 
in  column  9,  table  VIII-9,  represent  the  sum  of  all  monetary  benefits 
assignable  to  the  operation  of  the  project.  These  benefits  were 
measured  at  their  point  of  production.  Where  benefits  are  expected  to 
accrue  due  to  future  flood  plain  development  and  future  use  of  supplies 
of  water,  the  benefits  were  discounted  on  the  basis  of  projected  trends 
in  flood  plain  development  and  projected  needs  for  supplies  of  water. 

In  the  evaluation  of  such  benefits,  they  were  discounted  at  the  long- 
range  risk-free  interest  rate  of  2\X.  The  estimates  of  annual  benefits 
are  shown  in  table  VIII-9  and  described  below: 

a.  Reduction  of  flood  damages.  The  average  annual  benefit 
for  flood  damage  reduction  assignable  to  each  project  was  obtained 
lrom  average  annual  stage-damage  frequency  relations  as  modified  by 
tcch  project  in  the  time  sequence  indicated  in  table  VII-1  with  allow- 
ance for  projected  trends  of  flood  plain  development  over  the  50-year 
life  of  the  project.  If  a vigorous  and  effective  flood  plain  zoning 
pi  gram  were  pursued,  and  it  were  effective  in  eliminating  50%  of  this 
pr>  |ected  11  on  plain  development,  an  analysis  showed  that,  for  all 
projects  in  the  plan  of  development  the  justifications  would  not  be 
critiia  this  reduction  in  projected  benefits.  Further 

bene  nt  e.  ■ , ig--e!  r Mood  damage  reduction  on  the  basis  of  the 

expei  t : . j t value  of  lands  attributable  to  higher  util- 

izati  ■ i !•  p Mble  thereby.  To  assure  sound  incremen- 
tal .i  ■ n.  inclusion  of  flood  control  features  under 

a:  \ p • .■  .i  uistrui  t i >n  of  the  projects,  the  flood  con- 

tr  . ; ■ . . t wert  i hecked  on  a la s t -added -pro ject 

basis. 

, A watii . Benefits  were  assessed  for  supplies 

„ ■ • . ■ thl  it  ol  providing  the  same  quantity  and 

qua  1 l i . i • • b • ■ . heaped  a 1 1 erna  t i ve  means  . The  estimated 

cost.  t pi  i.iii  i tcrnu'ive  means  were  defined  by  assumed  non- 

Federal  financing  and  interest  rates  for  existing  private  and  pub- 
licly-owned pr*  |>  t - throughout  the  basin.  These  estimated  costs 
were  reduced  to  average  costs  per  unit  of  augmented  flow  from  exist- 
ing projects  at  various  locations  in  the  basin.  The  benefits  cred- 


143 


R.  May  1961 


TABLE  VI I I -9 


FIRST  COSTS.  ANNUAL  CHARGES.  AND  ANNUAL  BENEFITS  FOR  HATER  CONTROL  PROJECTS  IN  PLAN  OF  DEVELOPMENT 
(In  thousands  of  dollars) 

(All  amounts  rounded,  totals  stay  not  agree  with  sum  of  Individual  Items  due  'o  rounding) 


ANNUAL  BENEFITS 


construe  non 

E*£*ndJt"**  Charges  1/  Racraatlon  I Suppll#i  Hydroelectric  Power 

(First  Coat)  Reduction  of  Directly  I Indirectly  o/water  - ] 7]  " 

Flood  Damages  Related  ! Related  I Conventional  J Pumped- Storage 


(8) 


Hawk  Mountain 

42,000 

Z.OhO 

* 

Prompt on  (Modification) 

4,970 

289 

2 

3/ 

387 

32 

- 

5,350 

321 

- 

Tocks  Island 

146,000 

13,700 

1,4 

3/ 

31.600 

2.500 

- 

177,000 

16,200 

1,4 

Baar  Creek  (Modification)  3/ 

13,400 

875 

628 

69 

4 

14,300 

697 

* 

Beltavllle 

13,800 

628 

2 

3/ 

1,190 

15,000 

72 

7W 

—h 

Aquaahlcola 

19,000 

800 

2 

3/ 

488 

26 

- 

19,500 

826 

2 

Trailer 

10,100 

512 

1 

3/ 

1.140 

74 

- 

11,200 

586 

1 

Malden  Creek 

27,600 

1,220 

2 

3/ 

3.250 

224 

- 

30,800 

1,450 

Blue  Marsh 

12,500 

611 

3 

3/ 

3.290 

218 

- 

15,800 

829 

33 

Newark 

15,300 

856 

- 

3/ 

3.550 

254 



18,800 

1,110 

“ 

Christiana 

18,000 

1,100 

- 

3/ 

5.420 

424 

- 

23,500 

1,530 

- 

Sub-Totala 

322,000 

22,400 

2,7 

3/ 

51. ZOO 

3.900 

- 

374,000 

26,300 

2 ,) 

MAXR  CONTROL  PROJECTS  TO  BE  DEVELOPED  IN  TOO  STAGES 


TABLE  VIII  V Continued 


Project 

Construct  ion 
Expenditures 
(Plret  Cost) 

Annual 
Chargrs  1/ 

A N N 0 

A L BE 

HINTS 

Reduct  ion  of 
flood  Damages 

Rac  raat Ion 

Suppl les 
of  Water 

Hydros lec t r li  Power 

Total 

Directly 

Related 

Indirectly 
Re  lated 

Convent  tonal 

Pumped- Storage 

(1) 

<2) 

«» 

<4) 

(5) 

(6) 

(2) 



(9) 

SHALL  CONTROL  PROJECTS 

Parks  ids 

1,020 

36 

42 

. 

* 

. 

- 

- 

42 

12/  11 

. 

• 

. 

. 

- 

3 

1,030 

38 

42 

3 

* 

- 

- 

45 

Swlf twater 

1,080 

38 

71 

- 

- 

- 

- 

- 

71 

12/ 

4 

. 

2 

* 

- 

- 

- 

2 

1,080 

39 

71 

2 

* 

- 

■ 

- 

73 

Jim  Thorpe 

469 

17 

18 

- 

- 

- 

- 

- 

18 

12/ 

14 

2 

• 

6 

- 

- 

- 

- 

6 

483 

19 

18 

6 

- 

- 

* 

24 

lb  small  control  projects 

7,060 

260 

457 

. 

- 

- 

- 

- 

457 

listed  In  Table  V1I-1 

Sub-Totals 

9,630 

351 

587 

- 

- 

. 

. 

- 

587 

12/ 

28 

4 

. 

11 

» 

- 

- 

- 

9,650 

356 

587 

11 

" 

" 

* 

' 

598 

TOTAL  ALL  WATER  CONTROL  PROJECTS 

Major  control  projects 

374,000 

26,300 

2,700 

8,110 

10,500 

12,000 

2,580 

11,000 

46 , 900 

Major  control  projects 

to  be  developed  in  two 

stages 

208,000 

8,020 

• 

18,700 

- 

- 

' 

• 

18,700 

Small  control  projects 

9,650 

356 

587 

11 

- 

- 

- 

- 

598 

Totals 

591,000 

34.600 

3,280 

26,900 

10,500 

12,000 

2,580 

11,000 

66,300 

1/  Tentative  annual  costa  based  on  uniform  low-risk  Interest  rate  of  2.5  percent. 

2/  Annual  flood  damage  reduction  of  $295,000  la  creditable  to  existing  project. 

T/  Additional  cost  for  indirectly  related  recreation  development. 

4/  Annual  flood  damage  reduction  of  $1,060,000  Is  creditable  to  existing  project. 

T/  Initial  recreation  development. 

Z/  Additional  cost  for  acquisition  of  reservoir  site. 

7/  Value  of  acquisition  of  reservoir  site  not  estimated, 

1/  Additional  cost  indicative  of  possible  magnitude  of  future  reservoir  construction. 
9/  Not  estimated  because  of  distant  construction  date. 

10/  Value  applicable  to  acquisition  of  reservoir  site  and  construction. 

11/  Value  of  future  water  supply  not  estimated. 

12/  Optional  recreation  development. 
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ited  to  the  proposed  projects  were  assumed  equal  to  the  average  cost 
per  unit  of  augmented  flow  thus  defined  with  adjustments  as  indicated 
according  to  the  geographic  location  of  the  project.  Flow  augmenta- 
tion to  be  provided  by  each  project  is  given  in  the  project  descrip- 
tions in  chapter  VII. 

c Recreation . Benefits  for  recreation  were  estimated  on 
the  basis  of  a constant  unit  value  per  visitor-day  of  increased  annual 
attendance  at  the  project  locality.  The  value  of  $1.60  per  visitor- 
day  applied  equally  to  all  projects  is  a reflection  of  a weighted 
average  visitor-day  cost  for  a variety  of  recreation  activities  in- 
cluding picnicking,  swimming,  fishing,  boating,  camping,  sightseeing, 
nature  study,  hunting,  and  other  outdoor  pursuits.  Attendance 
estimates  reflecting  all  of  these  activities  are  given  for  each 
project  in  the  project  description  in  chapter  VII  and  summarized  in 
table  VIII-6,  The  basic  recreation  benefits  credited  to  the  eight 
major  control  projects  to  be  developed  initially  for  recreation 
were  derived  by  procedures  applicable  to  ultimate  development  For 
initial  development,  without  the  major  dam  and  reservoir,  it  was  con- 
servatively assumed  that  the  annual  recreation  benefits  would  re- 
flect a 40%  reduction  in  annual  visitation.  The  proposed  initial 
development  for  recreation  has  the  added  ad”antage  of  assuring  the 
availability  of  the  storage  potentials  of  ti’ese  sites  when  their 
development  for  water  supply  is  indicated.  ese  assurances  are  of 
considerable  value  to  the  future  economy  of  the  basin  and,  while  not 
included  as  benefits  to  the  initial  recreation  development  at  these 
sites,  they  will  be  substantial  and  real.  The  omission  of  these 
benefits  adds  to  the  conservatism  inherent  in  the  economic  evalua- 
tions presented  in  this  report  for  the  eight  major  control  projects 
to  be  developed  initially  for  recreation. 

d.  Fish  and  wildlife.  Certain  incidental  benefits,  over 
and  beyond  the  fishing  and  hunting  opportunities  referred  to  in  sub- 
paragraph  c,  above,  are  contemplated  in  connection  with  combined 
cold  and  warm  water  fisheries  that  would  develop  either  within  or 
below  the  projects.  Monetary  equivalents  of  such  benefits  were  not 
established  nor  presented  in  appendix  J.  It  is  expected  that  the 
Fish  and  Wildlife  Service  will  present  such  evaluations  in  an  adden- 
dum to  that  appendix 

e.  Power  Benefits  for  production  of  hydroelectric  power 
were  evaluated  on  the  basis  of  the  cost  of  the  most  likely  alterna- 
tives, namely,  privately-owned  steam-electric  plants.  Unit  annual 
values  of  capacity  and  energy  in  such  alternates  applied  to  the 
Tocks  Island  and  Hawk  Mountain  Projects  yielded  the  power  benefits 
shown  in  table  VI1I-9  for  these  projects.  The  Department  of  the 
Interior  indicated  that  the  market  can  absorb  the  power  to  be  de- 
veloped at  these  two  projects  at  the  costs  indicated  in  this  report. 
(See  exhibit  A in  appendix  T.) 

f.  Navigat ion . The  evaluation  of  possible  benefits  to 
navigation  in  the  basin  showed  no  significant  benefits  attributable 
at  this  time  to  the  proposed  major  control  projects  Also,  because 


r 


of  the  peculiarities  of  the  transport  of  fluvial  sediment,  no  signifi- 
cant benefits  could  be  claimed  for  reductions  in  the  cost  of  maintenance 
dredging  by  reduced  shoaling  in  existing  navigable  channels. 

g.  Pollution  abatement.  It  was  demonstrated  in  chapter  VI 
that  in  this  basin  the  present  degree  of  sewage  treatment  and  proposed 
programs  for  expansion  thereof  preclude  the  assignment  of  benefits  to  the 
major  control  projects  on  the  basis  of  treatment  foregone. 

h.  Detrimental  project  effects.  In  cases  where  construction 
or  operation  of  any  of  the  proposed  projects  will  have  detrimental  or 
adverse  effects,  estimated  monetary  equivalents  for  such  effects  have 
been  taken  into  account  by  suitable  reductions  in  the  benefits  or  by  ad- 
ditions to  the  economic  costs.  Such  adverse  effects  consist  of  the  loss 
in  taxes  on  property  and  productivity  of  lands  preempted  by  the  projects, 
which  would  otherwise  accrue  from  alternate  privately-operated  facilities 
for  production  of  power,  relocations  of  homes,  farms,  industries  and  roads, 
and  damages  to  the  recreation,  transportation,  and  fish  and  wildlife  re- 
sources that  would  exist  in  the  absence  of  the  project. 

i.  Intangible  benefits.  In  addition  to  the  evaluated  mone- 
tary benefits  attributable  to  the  control  projects,  other  important  bene- 
fits not  susceptible  of  monetary  evaluation  will  be  realized.  Among 
these  are  prevention  of  the  loss  of  life  from  floods,  geographical  and 
aesthetic  values  associated  with  attractiveness  of  recreation  develop- 
ment to  promote  optimum  utilization  of  facilities  provided  therefor,  and 
finally,  the  collective  value  of  the  balanced  plan  in  serving  a variety 
of  comprehensive  functions, 

205.  ECONOMIC  JUSTIFICATION.  Estimates  of  economic  costs  and  bene- 
fits in  table  VIII-9  show  that  the  annual  benefits  would  exceed  the  ten- 
tative annual  costs  based  on  a uniform  interest  rate  for  each  control 
project  and  for  the  projects  considered  as  a system.  In  the  case  of 

the  Prompter,  ar.d  Bear  Creek  Projects,  processed  for  modification  to  pro- 
vide long-term  storage,  the  economic  justifications  were  based  on  the 
premise  that  the  modification  constituted  a second  stage  of  develop- 
ment and  replacement  to  provide  complete  comprehensive  development  with 
a normal  50-year  useful  life  expectancy.  The  magnitude  of  the  excess 
annual  benefits  over  the  tentative  annual  costs  in  each  case  was  suffi- 
cient to  indicate  justification  under  conditions  of  varying  interest 
rates  to  be  used  subsequent  to  cost  allocation  and  cost  apportionment 
analyses . 

206.  ALLOCATION  OF  COSTS  TO  PROJECT  PURPOSES.  Allocation  of 
costs  for  the  multiple-purpose  projects  were  made  to  indicate  the 
equitable  distribution  of  the  costs  among  the  several  purposes  served. 

All  project  costs  were  allocated  by  the  separable  costs-remaining  bene- 
fits method  over  an  amortization  period  of  50-years  at  an  annual  in- 
terest rate  of  2-1/2  percent  applied  consistently  throughout.  This 
rate  offers  a simplified  analysis  based  on  a broad  public  viewpoint, 
wherein  the  project  costs  are  allocated  t.o  the  various  purposes  on  the 
basis  of  a long-term  average  risk-free  interest  rate  with  an  allowance 
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for  the  econo. nic  cost  of  land  in  testing  for  economic  Justification. 

In  this  procedure  the  borrowing  rates  would  be  introduced  only  after 
the  apportionment  of  allocated  costs  for  the  purpose  of  defining  fi- 
nancial costs.  The  details  of  the  costs,  benefits  and  procedures  used 
in  these  allocations  are  presented  in  appendix  V and  summarized  in 
table  7III-10.  Costs  of  the  modified  Prompton  and  Bear  Creek  Projects 
were  allocated  in  accordance  witn  standard  procedures  using  the  cost 
of  the  original  developments  plus  the  cost  of  the  proposed  modifica- 
tions . 

207.  The  magnitude  of  flood  control  benefits  attributable  to 
each  project  will  ne  a function  of  the  time  period  over  which  these 
benefits  accrue  and  the  order  in  which  the  projects  are  developed. 

The  flood  control  purpose  within  each  project  was  evaluated  with  the 
project  in  logical  time  sequence  and  as  the  last  unit  constructed  in 
the  system.  These  studies  demonstrated  that  the  minimum  benefits  from 
reduction  of  flood  damages  based  on  these  evaluations  were  of  suffi- 
cient magnitude  in  each  case  to  cover  the  incremental  costs  of  in- 
cluding flood  control  facilities  in  the  project. 

208 . APPORTIONMENT  OF  COSTS  BETWEEN  FEDERAL  AND  NON -FEDERAL 
INTERESTS . Sharing,  between  the  Federal  and  non-Federal  interests, 
of  construction  expenditures,  annual  operation  and  maintenance  costs, 
and  annual  replacement  costs  is  in  accordance  with  established  pro- 
cedures. As  will  be  discussed  later  in  paragraph  215,  all  costs  of 
the  Hawk  Mountain,  Newark  and  Christiana  Projects,  and  at  the  eight 
major  control  projects  proposed  for  initial  development  for  recrea- 
tion are  assigned  to  non-Federal  interests  since  none  of  the  purposes 
included  in  these,  projects  at  this  time  are  normally  considered  the 
responsibility  of  the  Federal  government.  The  apportionments  of  costs 
to  Federal  and  non-Federal  interests  for  the  eleven  major  control  proj- 
ects are  shown  in  tablesVIII-1]  and  VIII-lla 

209.  Apportionment  of  flood  control  costs.  Costs  allocated  to 
flood  control  have  oeen  apportioned  between  Federal  and  non-Federal 
interests  in  accordance  with  the  general  policy  expressed  in  the 
Flood  Control  Act  of  1936  (Public  Law  738,  74th  Congress),  as  sub- 
sequently amended.  In  accordance  with  the  expressed  policy,  the 
costs  of  providing  flood  control  storage  in  major  multiple-purpose 
projects  have  been  apportioned  to  the  Federal  government  on  account 
of  the  widespread  benefits  associated  with  the  flood  control  feature 
of  these  projects.  When  small  flood  control  dams  are  provided,  on 
the  basis  of  cost,  in  lieu  of  local  protection  works,  the  benefits 
from  these  small  dams  are  local  in  nature  and  local  cooperation  of 
the  same  type  as  for  local  protection  works  is  required.  Because  of 
the  local  nature  cf  the  flood  control  benefit s to  be  derived  from  the 
Parkside,  Swiftwater,  and  Jim  Thorpe  Projects,  and  the  remaining  36 
small  control  projects,  the  non-Federal  interests  would  have  to  meet 
certain  requirements  of  local  cooperation.  For  projects  to  be  con- 
structed under  Public  Law  685,  ncn-Federal  interests  would  be  required 
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TABLE  VIII 


ALLOCATION  01  COSTS  FOR  -IAJOR  QC 
( in  d'  i tars)  I 

(Ail  amounts  rounded;  i alb  may  not  agree  with  bums 


Reduction 

of 

Flood  Damage 


Recreation 


BENEFITS 

ACLUCAHON  OF  COSTS 

a.  Annual  Economic  Costs 

b.  Annual  06*1  and  Replacement  Costs 

c . Temporary  Annual  06*1  and  Repl . Costs  2/ 

d.  Specific  Use  Construction  Expenditures 

e.  Joint  Use  Facility  Constr . Expenditures 
t.  Total  Constr  Expenditures  (First  Cost) 

g.  Cost  of  Existing  Project 

h.  TotaL  Constr.  Expenditure  without 
Rehabilitation  Costs 

i.  Rehabilitation  costs  to  extend  economic  life 
of  existing  flood  control  project  for  50 
years  from  time  of  modification. 

j.  Total  New  Construction  Expenditures 


1 . BENE  FI  TS 
. ALLOC  A. 'ION  OF  COSTS 

a.  Annual  Economic  Costs 

b.  Annual  06*1  and  Replacement  Costs 

c.  Temporary  Annual  06*1  and  Repl.  Costs  2 / 

d.  Specific  Use  Constructioi  Expenditures 

e.  Joint  Use  Facility  Constr.  Expenditures 

f.  Total  Construction  Expenditures  (First  Cost) 


Directly 

Related 


Indirectly 

Related 

PR0MPT0N 


Supplies 
of  Water 


1 ! lood  Damage 


295,000  4/ 

130,000 

LL8,00Q 

307,000  3/ 

851,000  ' 

1,060,000 

122,000 

51,000 

32,000 

228,000 

432,000 

409,000 

10,000 

19,000 

17,000 

54,000 

101,000 

31,000 

23,000 

22,000 

17,000 

38,000 

101,000  | 

58,000 

- 

427,000 

387,000 

- 

814,000  i 

- 

2,860,000 

254,000 

- 

4,500,000 

7,620,000 

10,100,000 

2,860,000 

681,000 

387,000 

4,500,000 

8,430,000  3 

10,100,000 

3,700,000 

- 

- 

- 

3,700,000 

11,100,000 

-838,000 

681,000 

387,000 

4,500,000 

4,730,000 

1 -951,000 

620,000 

- 

- 

- 

620,000 

4,460,000 

-218,000 

681,000 

387,000 

4,500,000 

5,350,000 

3,510,000 

A g 

U A S H I C 

OLA 

293,000  3/ 

159,000 

88,000 

-+85,000  3/ 

1,030,000 

114,000 : 

271,000 

94,000 

26,000 

435,000 

826,000 

97,000 

28,000 

13,000 

5,000 

44,000 

90,000 

18,000 

36,000 

15,000 

5,000 

34,000 

90,000 

23,000 

- 

878,000 

488,000 

- 

1,370,000 

- 

6,490,000 

1,170,000 

- 

10,400,000 

18,100,000 

2,150,000 

6,490,000 

2,050,000 

488,000 

10,400,000 

19,500,000 

2,150,000 

BENEFITS  302,000  V 

ALLOCATION  OF  COSTS 

a.  Annual  Economic  Costs  240,000 

b.  Annual  06*1  and  Replacement  Costs  36,000 

c.  Temporary  Annual  06*1  and  Repl.  Costs  2/  I 45,000 

d.  Specific  Use  Construction  Expenditures 

e.  Joint  Use  Facility  Constr.  Expenditures  5,140,000 

t . Total  Construction  Expenditures  (First  Cost)  5,140,000 


BLUE  MARSH 


120,000 

36.000 

39.000 

1.500.000 
457,000 

1.950.000 


218,000 

68,000 

68,000 

3,290,000 

3,290,000 


252,000 

38.000 

26.000 

5,410,000 

5,410,000 


Reduction  I 
of 

Flood  Damage  I 


531,0003/  1,530,000  j 1,460,0003/ 


829.000 

179.000 
179,000 

4,780,000 

11,000,000 

15,800,000 


642,000 

58.000 

75.000 

- 

14,200,000 

1 *,200,000 


Recreation 

Directly 

Related 


Supplies  of 
Water 


Directly  Indirectly 

Related  Related 


BENEFITS 

ALLOCATION  OF  COSTS 

a.  Annual  Economic  Costs 

b.  Annual  06*!  and  Replacement  Costs 

c.  Temporary  Annual  06*1  and  Repl.  Costs  2/ 

d.  Specific  Use  Construction  Expenditures 

e.  Joint  Use  Facility  Constr.  Expenditures 

f.  Total  Constr.  Expenditures  (First  Cost) 


HAWK  MOUNTAIN 

755.000  2.91 ,000  2,180,000  3/ 

627.000  110,000  1,320,000 

151.000  44,000  97,000 

not  applicable 

5.080.000  1,420,000 

3.070.000  167,000 

8.150.000  1,580,000  32,300,000 


2,060,000 

291,000 

" 

6,490,000 

35,500,000 


421.000 

127.000 

5,140,000 

288.000 


,000,000  5,430,000 


NEW 

606.000  7 

254.000  j 

90,000  ) 

not  a 

3,550,000  1 

3,550,000 


Fish  and  wildlife  bencfiLs  and  costs  discussed  in  Appendix  J.  No  monetary  equivalent  given. 
Allocation  for  period  of  water  supply  deferral. 

Includes  adjustments  for  projected  flood  plain  developments  and  growth  in  water  uses  based  on 
l\  7,  interest  rate. 

Creditable  to  existing  project. 

Includes  existing  flood  control  project  cost  plus  modification  costs. 

Excludes  pumped -storage  hydropower. 


TABLE  VLIl  - LO 

ALLOCATION  OF  COSTS  FOR  MAJOR  CONTROL  PROJECTS  IV 
(in  dollars) 

totaLs  may  not  agree  with  sums  ofa individual  items  due  to  rounding.) 


Reduction 

of 

Flood  Damage 


851.000  1 ,0b0 ,000  4/ 

432.000  409,000 

101.000  31,000 

101.000  58,000 

814.000 

7.620.000  10,100,000 

8 .430.000  51  10,100,000 

3.700.000  11,100,000 

4.730.000  I -951,000 

620.000  4,460,000 

5.350.000  3,510,000 


1,030,000 

826,000 

90,000 

90,000 

1*370,000 

18,100,000 

19,500,000 


Recreation 

Directly  Indirectly  Supplies 

Related  Related"  ot  WaCer 


BEAR  CREEK 


1,300,000  3/  2,760,000 


Reduc  Lion 
of 

Flood  Damage 


286,000  3/ 


60,000 

25.000 

27.000 

595.000 

229.000 

824.000 


2,150,000 
I 2,150,000 

Reduction 

of 

Flood  Damage 


151.000 

40.000 

46.000 
1,500,000 

653.000 


69.000 

35.000 
35,000 

875,000 

875,000 

875,000 


T R E X L E R 
215,000 

74.000 

30.000 
30,000 

1,140,000 


Recreation 


Directly 

Related 


Indirectly  of  Water 
Related 

TOCKS  ISLAND  6/ 


404,000 

940,000 

206,000 

64,000 

155,000 

30,000 

34,000 

i > > , 000 

41,000 

- 

1,470,000 

- 

9,110,000 

19,500,000 

4,720,000 

9,110,000 

21,000,000  2/\ 

4,720,000 

_ 

11,100,000 

9,110,000 

9,860,000 

- 

4,460,000 

9 , 1 i 0 , 000 

14,300,000 

464,000  3/ 

1,070,000 

244,000  3/ 

263,000 

586,000 

233,000 

47,000 

134,000 

17,000 

35,000 

134,000  | 

23,000 

- 

2,640,000  i 

- 

5,770,000 

8,570,000  1 

5,610,000 

5,770,000 

11,200,000 

5,610,000 

Supplies 

Power 

of  Water 

Conventional 

Total 

1.530.000 

829.000 

179.000 
179,000 

4.780.000 
11,000,000 
15,800,000 


1 ,460,000  3/ 


642,000 

58.000 

75.000 

14,200,000 

U,  200, 000 


1.730.000 

582.000 

615.000 
18,200,000 

8.370.000 
26,600,000 


6.340.000  3,800,0003/  1,820,000  17,100,000 

2.500.000  1,270,000  1,420,000  7,560,000 

971,000  98,000  257,000  1,970,000 

971,000  20,000  284,000  1,970,000 

31,600,000  - 12,300,000  62,200,000 

28,500,000  9,130,000  60,200,000 

31,600,000  28,500,000  21,500,000  122,000,000 


Direc  tly 
Re  la ted 


y Indirectly  b 

Related 

BELTZV1LLE 


Suppl ies 
ol  Water 


94.000 

29.000 

33.000 

1.290.000 
268,000 

1.550.000 


72.000 

28.000 
28,000 

1,190,000 


328,000 

48.000 

34.000 

7,540,000 

7,540,000 


700.000 

135.000 
135,000 

2,470,000 

12,500,000 

15,000,000 


MAIDEN  CREEK 


256,000 

66,000 

70,000 

2 .440.000 

1.700.000 

4 . 140 . 000 


Recreation 

Recreation 

Directly 

Indirectly 

Supplies 

Total  Directly 

Indirectly 

Supplies 

Total 

Related 

Re lated 

of  Water 

Related 

Related 

of  Water 

N E 

W A R K 

CHRIS 

T I A N A 

| 876,000 

606,000 

794,000  3/ 

2,280.000  1,730,000 

1,240,000 

6 39,000  3/ 

3,610,000 

421,000 

254,000 

435,000 

1,110,000  cl*, 000 

*2*4 ,000 

491,000 

1,530,000 

127,000 

90,000 

63,000 

280,000  241,000 

179,000 

61,000 

482,000 

not  . 

applicable 

not  applicable 

5,140,000 

3,550,000 

. 

8,690,000  7,560,000 

5,420,000 

- 

13,000,000 

288,000 

- 

9,830,000 

10,100,000  213,000 

- 

10,300,000 

10,500,000 

5,^30,000 

3,550,000 

9,830,000 

18,800,000  7, 780 , 000 

5,420,000 

10,300,000 

23,500,000 

224,000 

83,000 

83,000 

3,250,000 


833,0003/  2,070,000 

733,000  1,450,000 

55.000  221,000 

44.000  221,000 
- 

17,800,000  25,200,000 

1 7 , 800,000  30,800,000 
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APPORTIONMENT  OF  COSTS  TO  FEDERAL  AND  NON- FEDERAL  INTERESTS  - MAJOR  CONTROL  PROJECTS 
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1/  Includes  costs  for  indirectly  related  recreation.  3/  Exclusive  of  pumped-storage  hydropower  development. 

2/  Modification  costs  plus  rehabilitation  costs.  4/  Allocation  for  period  of  water  supply  deferral. 
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to:  (a)  provide  lands,  easements,  and  rights-of-way;  (b)  hold  and 

save  the  United  States  free  from  damages  due  to  the  construction 
work;  and  (c)  agree  to  maintain  and  operate  the  works  upon  completion. 
For  projects  to  be  constructed  under  Public  Law  566,  non-Federal  in- 
terests would  be  required  to:  (a)  provide  lands,  easements,  and 

rights-of-way;  (b)  assume  such  proportionate  share  of  the  cost  of  con- 
struction as  may  be  equitable;  (c)  assume  the  costs  of  operating  and 
maintaining  the  works  after  completion;  (d)  acquire  such  water  rights 
as  may  be  needed  for  the  project;  and  (e)  obtain  agreements  to  carry 
out  recommended  soil  conservation  measures  and  proper  farm  plans  from 
owners  of  not  less  than  50  percent  of  the  lands  situated  in  the  drain- 
age area  above  each  retention  reservoir. 

210.  Apportionment  of  recreation  costs.  The  apportionments  of 
specific  and  allocated  joint  recreation  costs  are  in  accordance  with 
the  general  policy  expressed  in  Section  4 of  the  Flood  Control  Act  of 
1944  (Public  Law  534,  78th  Congress).  The  portion  of  those  specific 
costs,  including  operation,  maintenance  and  replacement  costs,  re- 
quired to  serve  the  recreation  purposes  directly  associated  with  the 
multiple-purpose  projects,  will  be  borne  by  Federal  interests.  How- 
ever, at  the  time  of  construction  local  interests  should  be  encouraged 
to  assume  part  or  all  of  the  specific  operation,  maintenance  and  re- 
placement costs  for  recreation  at  the  various  multi-purpose  projects. 
In  addition  to  the  apportioned  specific  costs,  the  Federal  interests 
would  bear  joint  costs  allocated  to  recreation  in  an  amount  not  to  ex- 
ceed 15  percent  of  the  total  project  costs.  For  all  projects  where 
this  provision  is  applicable,  the  allocated  joint  costs  for  recreation 
fall  within  this  15  percent  limitation.  Those  specific  recreation 
costs  required  for  the  complete  development  of  each  project's  recrea- 
tion potential,  over  and  above  those  costs  for  the  recreation  purpose 
directly  associated  with  the  multiple-purpose  projects,  are  assigned 
to  non-Federal  interests. 

211.  In  recognition  of  the  findings  of  this  investigation,  as 
expressed  in  appendices  I and  W,  that  the  recreation  benefits  at  the 
Tocks  Island  Project  have  widespread  regional  and  national  signific- 
ance, all  specific  and  allocated  recreation  costs  are  generally 
assigned  to  Federal  interests.  All  recreation  specific  and  allo- 
cated joint  costs  for  recreation  development  at  the  Hawk  Mountain, 
Newark  and  Christiana  Projects,  and  at  the  eight  major  control 
projects  to  be  developed  initially  for  recreation  are  assigned  to 
non-Federal  interests.  The  apportionment  of  recreation  costs  to 
Federal  and  non-Federal  interests  for  each  major  control  project 

is  given  in  table  VIII-12. 
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APPORTIONMENT  OP  SPEC I PIC  AND  ALLOCATED  JOINT  RECREATION  COSTS  - MAJOR  CONTROL  PROJECTS  - 
(In  dollars) 


212.  Apportionment  of  water  supply  costs.  In  accordance  with 
the  provisions  of  the  Water  Supply  Act  of  1958  (Title  III,  Public 
Law  500,  85th  Congress),  all  costs  allocated  to  the  supplies  of  water 
for  municipal,  industrial,  and  rural  uses  from  storage  in  multiple- 
purpose  projects  are  the  responsibility  of  non-Federal  interests. 

These  allocated  costs  include  all  costs  for  reservoir  storage  required 
for  supplies  of  water  by  local  interests  at  the  time  the  project  is 
initiated  as  well  as  the  supplies  of  water  for  anticipated  future  de- 
mands during  the  life  of  the  project.  Payment  of  first  costs  allo- 
cated to  storage  for  current  water  supply  use  can  be  made  by  local  in- 
terests either  in  lump  sum  at  the  time  of  construction  or  on  an  annual 
payment  basis.  In  the  case  of  costs  incurred  for  provision  of  future 
supplies  of  water,  repayment  by  local  interests  of  first  costs  need 
not  be  initiated  until  reservoir  capacity  is  first  used  for  storage 

of  water  for  water  supply  purposes.  In  this  latter  case  no  interest 
need  be  paid  by  local  interests  on  the  costs  for  future  supplies  of 
water  until  such  use  is  initiated  but  such  interest-free  period  shall 
not  exceed  ten  years  from  the  time  the  project  is  constructed.  Opera- 
tion, maintenance  and  replacement  costs  also  are  divided  into  those 
incurred  for  provisions  for  current  and  future  water  supplies.  Local 
responsibility  for  operation,  maintenance  and  replacement  costs  asso- 
ciated with  storage  for  current  use  begins  upon  completion  of  the 
project.  Local  responsibility  for  these  costs  associated  with  storage 
for  future  use  begins  with  the  first  use  of  this  storage  for  the  stor- 
age of  water  for  water  supply  purposes 

213.  Apportionment  of  hydropower  costs.  Specific  and  allocated 
joint  costs  for  conventional  hydroelectric  power  at  the  Tocks  Island 
Project  are  apportioned  to  the  Federal  interests.  The  pumped- storage 
power  facilities  at  this  site  are  suitable  for  development  as  either 
a Federal  or  a non-Federal  project.  For  this  reason,  specific  and 
joint  costs  for  the  facilities  have  been  computed  as  apportioned  to 
either  Federal  or  non-Federal  interests.  By  sharing  in  the  joint  costs 
of  the  Tocks  Island  reservoir  project,  the  pumped-storage  installation 
would  decrease  the  cost  of  other  functions  of  the  Tocks  Island  develop- 
ment. The  specific  and  allocated  joint  costs  for  conventional  power 

at  the  Hawk  Mountain  Project  are  also  apportioned  to  non-Federal  inter- 
ests. 

214 . Apportionment  of  costs  of  fish  and  wildlife  facilities. 
Specific  costs  in  the  amount  of  $2,500,000  for  facilities  to  pass 
fish  at  the  Tocks  Island  dam  are  included  in  cost  estimates  for  that 
project.  These  specific  costs  are  treated  as  joint  costs  and  are 
allocated  between  other  project  purposes.  Their  ultimate  distribu- 
tion between  Federal  and  non-Federal  interests  thus  is  in  proportion 
to  the  overall  division  of  the  joint  costs  between  these  interests. 
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215.  Other  apportionments  of  cost.  General  definitions  of  the 
Federal  interest  in  the  municipal  and  industrial  water  supply  and 
recreational  aspects  of  reservoir  development  are  given  in  the  Water 
Supply  Act  of  1958  and  the  Flood  Control  Act  of  1944,  as  amended,  re- 
spectively. These  Acts  relate  the  Federal  interest  in  these  functions 
to  development  of  Federal  projects  for  Buch  purposes  as  navigation, 
flood  control  and  irrigation.  Federal  interest  in  the  hydroelectric 
power  aspects  of  reservoir  development  has  been  determined  on  the 
same  basis.  Because  purposes  necessary  to  the  establishment  of  a 
basic  Federal  interest  could  not  be  justified  and  are  not  included 

in  the  case  of  the  Newark,  Christiana,  and  Hawk  Mountain  Projects 
and  the  eight  projects  proposed  to  be  developed  initially  for  recrea- 
tion, it  is  appropriate  that  these  projects  be  undertaken  by  non- 
Federal  interests.  The  costs  are  assigned  accordingly. 

216.  BENEFIT-COST  RATIOS.  After  completion  of  allocation  and 
apportionment  studies,  benefit-cost  ratios  were  computed  for  the 
water  control  projects  in  the  plan  of  development  and  for  the  entire 
system  by  comparing  the  annual  benefits  and  annual  charges  based  on 
the  following  probable  borrowing  rates: 


Investment 

Annual  Interest 
Rate  Percent 

Remarks 

Federal 

2-5/8 

-Applicable  to  reduction 
of  flood  damages,  recre- 
ation and  power. 

Non-Federal  - Federally 
financed 

2-5/8 

-Applicable  to  future 
water  supply  costs. 

Public 

3 

-Applicable  to  recreation 

4 

-Applicable  to  water  sup- 
ply required  at  comple- 
tion of  the  project. 

Private 

6 

-Applicable  to  power. 

In  order  to  be  consistent  with  the  use  of  the  current  2-5/87.  risk-free 
interest  rate  for  Federal  investment  now  introduced,  the  discounting 
of  future  flood  control  and  water  supply  benefits,  previously  discussed 
in  paragraph  204,  was  recomputed  on  the  basis  of  this  rate.  Total  an- 
nual charges  consist  of  construction  expenditures,  including  allowances 
for  the  economic  cost  of  lands,  reduced  to  annual  investment  costs  by 
the  application  of  appropriate  interest  rates;  annual  operation,  main- 
tenance and  replacement  costs;  and  allowances  for  taxes  foregone.  The 
interest  rates  for  non-Federal  and  private  investments  were  based  on 
the  current  long-term  borrowing  rates  for  similar  type  investments  and 
are  used  for  comparative  purposes  in  the  development  of  over  !.  benefit- 
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cost  ratios.  The  resulting  benefit  cost  ratios  are  given  in  table 
VIII- 13 . 

217.  In  computing  annual  investment  for  water  supply,  that  por- 
tion of  the  cost  of  storage  for  future  water  supply,  up  to  30  percent 
of  the  total  construction  expenditures,  is  considered  to  be  repayment 
of  Federal  investment  at  an  interest  rate  of  2-5/8  percent.  The  re- 
maining construction  expenditure  for  water  supply  storage  is  amor- 
tized at  a 4 percent  interest  rate.  In  the  Maiden  Creek  Project  the 
cost  assigned  to  water  supplies  for  current  use  would  be  sufficient 
to  pay  for  water  supply  storage  to  satisfy  the  needs  for  a period 
greater  than  the  10-year  interest-free  period.  For  this  case,  the 
interest  at  2-5/8  percent  for  future  water  supply  during  the  period 
from  10  years  until  the  anticipated  demand  indicates  the  water  will 
be  required,  is  added  to  the  non-Federal  storage  costs  for  future 
water  supply. 

218.  LOCAL  COOPERATION  IN  THE  PLAN  OF  DEVELOPMENT . The  extent 
to  which  local  interests  are  required  to  cooperate  financially  is  de- 
fined above  in  the  apportionment  of  non-Federal  costs.  The  full  re- 
alization of  the  potentials  of  the  water  resources  of  the  basin  re- 
quires related  programs  of  land  and  water  management.  It  is  necessary 
that  local  interests  sustain  and  vigorously  pursue  such  programs. 
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TABLE  VI I I - 1 3 

BENEFIT-COST  RATIOS  FOR  WATER  CONTROL  PROJECTS 
IN  PLAN  OF  DEVELOPMENT 


(All  benefit  and  cost  amounts  are  rounded) 


Total  Annual 

Total  Annual 

Benefit- 

Project 

Economic 

Cost 

Pro  lect 

Benefits 

Costs 

Ratio 

MAJOR  CONTROL 

PROJECTS  1/ 

Hawk  Mountain 

$3,220,000 

$2,760,000 

1.2 

Prompton  2/ 

486,000 

348,000 

1.4 

Tocks  Island* (without 

17,100,000 

7,700,000 

2.2 

pumped-storage) 
Bear  Creek  2/ 

1,880,000 

714,000 

2.6 

Beltzville 

1,130,000 

682,000 

1.7 

Aquashicola 

936,000 

874,000 

1.1 

Trexler 

858,000 

552,000 

1.6 

Maiden  Creek 

1,490,000 

1,390,000 

1.1 

Blue  Marsh 

1,050,000 

642,000 

1.6 

Newark 

1,670,000 

997,000 

1.7 

Christiana 

2,370,000 

1,260,000 

1.9 

MAJOR  CONTmL  PROJECTS  TO  BE  DEVELOPED  IN  TWO  STAGES  - 
DATA  PERTINENT  TO  FIRST -STAGE  DEVELOPMENT  FOR  RECREATION  3/ 


Paulina 

960,000 

766,000 

1.3 

Pequest 

499,000 

350,000 

1.4 

Hackettstown 

2,400,000 

1,420,000 

1.7 

New  Hampton 

1,440,000 

1,040,000 

1.4 

Tohickon 

1,200,000 

898,000 

1.3 

Newtown 

1,800,000 

1,970,000 

0.9 

French  Creek 

1,440,000 

876,000 

1.6 

Evansburg 

1,500,000 

1,170,000 

1.3 

SMALL  CONTROL 

PROJECTS 

Parkside  (Pc-8)  4/ 

42,000 

37,000 

1.1 

Swiftwater  (Pc-9)  4/ 

71,000 

39,000 

1.8 

Jim  Thorpe  (Hz-6)  4/ 

18,000 

17,000 

1.03 

36  Projects 

457,000 

266,000 

1.7 

TOTAL:  ALL  PROJECTS 

44,000,000 

26,800,000 

1.6 

IN  PLAN 

*Tocks  Island  (with 

28,100,000 

18,100,000 

1.6 

non-Federal  develop- 

ment of  pumped-stor- 

age) 

*Tocks  Island  (with 

28,100,000 

16,300,000 

1.7 

Federal  development 
of  pumped-storage) 

1 _/  Benefits  and  costs  for  indirectly  related  recreation  included  in 
the  case  of  Tocks  Island  only. 

2, ! Benefits  and  costs  for  new  construction  expenditures  at  existing 
project . 

3/  Costs  include  lands  and  facilities  for  recreational  development 
and  land  acquisition  for  dam  and  reservoir.  Benefits  are  related 
to  recreational  development  only  and  do  not  include  values  related 
to  site  preservation. 

4/  Benefits  and  costs  for  incidental  recreation  use  not  included. 
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IMPLEMENTATION  AND  USE  OF  PLAN 

219.  INTRODUCTION.  The  development  of  the  program  of  im- 
provements will  require  an  orderly  sequence  in  the  construction 
of  water  control  projects  and  the  timely  prosecution  of  the  re- 
lated programs.  The  implementation  of  this  plan  will  require 
the  active  participation  of  Federal  and  non-Federal  interests 
in  the  sharing  of  financial  responsibilities  and  obligations, 
in  initiating  the  required  related  resource  programs,  in  con- 
tinually reassessing  and  evaluating  the  needs  and  measures  for 
water  resource  development,  and  in  the  coordination  needed  for 
operation  of  the  elements  of  the  plan. 

220.  SCHEDULE  FOR  PROJECT  DEVELOPMENT.  The  selection  of 
the  time  sequence  and  order  of  development  for  the  major  water 
control  elements  of  this  plan  was  primarily  based  on  the  pro- 
jected time  pattern  of  water  resource  product  demands  and  the 
geographic  distribution  of  these  demands  throughout  the  basin. 

It  has  been  shown  that  major  markets  presently  exist  for  the 
additional  production  of  such  goods  and  services  as  the  reduc- 
tion of  flood  damages,  recreation,  fish  and  wildlife,  electric 
energy,  and  for  supplies  of  water.  These  markets,  as  projected 
to  the  year  2010,  will  expand  at  a rate  corresponding  to  the  ac- 
celerated overall  growth  rate  projected  for  the  economic  activ- 
ity in  the  Delaware  River  Water  Service  Area.  The  schedule  and 
sequence  presented  below  for  the  eleven  major  control  projects 
was  established  on  a basis  consistent  with  the  present  and  pro- 
jected future  expansion  of  product  markets.  This  sequence  has 
been  designed  to  minimize  the  effects  of  delayed  production  of 
products  for  which  markets  inay  presently  exist.  The  sequence 
was  esigned,  also,  to  avoid  the  production  of  water  resource 
derivatives,  such  as  supplies  of  water,  for  which  substantial 
markets  would  not  become  fully  effective  for  some  years  in  the 
future . 


Order  of 

Project  Development 

Year 

Required 

Beltzville 

1965 

Blue  Marsh 

1969 

Tvexler 

1972 

Prompton  1/ 

1974 

Newark 

1975 

Tocks  Island 

1975 

Christiana 

1980 

Aquashicola 

1981 

Maiden  Creek 

1982 

Bear  Creek  _1  / 

1989 

Hawk  Mountain 

2001 

iy  Modification  of 

existing  project 
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The  dates  specified  in  the  above  sequence  are  flexible  and  subject 
to  adjustments  depending  upon  continued  planning  evaluations  of 
the  future  requirements  for  supplies  of  water  and  other  water  re- 
source derivatives.  The  dates  specified  for  the  Newark  and 
Christiana  Projects  are  flexible  with  respect  to  proposed  develop- 
ments in  the  Upper  Brandywine  Basin.  The  order  of  development 
itself  possesses  additional  flexibility  in  that  certain  projects 
may  be  shifted  without  seriously  changing  the  required  pattern 
for  the  production  of  the  water  resource  products.  For  example, 
the  Beltzville,  Trexler,  and  Aquashicola  Projects  may  be  ex- 
changed for  each  other  in  the  above  sequence.  Similarly,  the 
Blue  Marsh  and  Maiden  Creek  Projects  may  be  interchanged  time- 
wise,  as  is  the  case,  also,  for  the  Newark  and  Christiana  Projects. 

221.  With  regard  to  the  Paulina,  Pequest,  Hackettstown, 

New  Hampton,  Tohickon,  Newtown,  French  Creek  and  Evansburg 
Projects  intended  to  serve  essentially  the  needs  of  recreation 
and  supplies  of  water,  no  precise  schedule  nor  sequence  has  been 
established  at  this  time.  Prior  to  the  time  that  these  projects 
will  be  required  for  supplies  of  water,  subsequent  to  2010,  land 
would  be  acquired  at  these  sites,  as  it  becomes  available,  to  per- 
mit needed  recreation  development.  When  the  needs  arise  full 
multiple-purpose  potentials  can  be  realized  by  second  stages  of 
development.  The  construction  of  the  39  small  impoundment  projects 
located  on  the  intermediate  upstream  tributaries  should  be  at  the 
earliest  possible  date  consistent  with  fund  availability  and  with 
local  cooperation  and  participation  in  accordance  with  existing 
programs  and  authorities.  These  projects  should  be  developed  as 
soon  as  possible  for  reduction  of  flood  damages  present  in  the 
areas  immediately  downstream  from  these  projects,  and  for  water 
supply  and  other  purposes  as  desired  by  local  interests. 

222.  In  the  actual  development  of  the  major  elements  of  the 
plan  for  the  control  and  utilization  of  the  basin's  water  resources 
it  must  be  borne  in  mind  that  the  sequence  and  timing  indicated  in 
this  investigation  were  based  on  considerations  that  depended 
heavily  on  generalized  projections  of  the  needs  for  products  and 
services  to  be  gleaned  from  that  development.  The  project  dimen- 
sions and  uses  depend  to  a lesser  extent  on  those  projections. 

While  the  projections  are  based  on  the  best  information  currently 
available  on  probable  long-range  trends,  it  is  recognized  that 
their  dependableness  and  accuracy  will  vary  inversely  with  the 
length  of  the  period  of  the  projections.  It  is  to  be  expected 
that  the  definition  of  needs  during  the  latter  half  of  the  50-year 
period  of  projection  used  in  this  investigation  would  need  to  be 
re-examined  before  continuing  with  the  development  of  the  plan 
after,  say,  year  1935  Such  re-examination  could  result  in  major 
modification  in  the  use  of  projects  previously  provided  and  in 

the  projects  proposed  for  development  in  the  period  1985  to  2010. 
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Since  the  proposed  plan  of  major  control  szructures  will  provide  a 
sound  basis  for  long  range  development  it  would  seem  prudent  to 
limit  present  proposals  for  Federal  participation  to  those  ele- 
ments of  the  plan  that  current  and  projected  needs  indicate  should 
be  developed  in  the  next  20  to  25  years.  The  Bear  Creek  Project, 
however,  for  which  need  is  indicated  by  the  year  1989,  has  aspects 
which  warrant  its  inclusion  in  the  proposed  program  for  authoriza- 
tion. These  aspects  are:  (a)  the  definite  establishment  of  the 

project  site  and  physical  potential  for  improvement  by  existing 
construction;  (b-1  the  very  attractive  incremental  economics  of 
modification;  and  (c)  the  desirability  of  extending,  to  the  Bear 
Creek  site,  any  site  preservation  procedures  which  may  be  adopted. 


223.  PRESERVATION  OF  RESERVOIR  SITES.  The  actual  develop- 
ment of  the  program  of  improvements  will  depend  on  the  availa- 
bility of  the  project  areas  for  timely  development  and  use. 
Because  of  generally  uncontrolled  land  uses  that  prevail  in  the 
basin,  there  can  be  no  assurance  of  the  availability  of  the  sites 
for  reservoir  purposes  at  anticipated  future  time  of  need  unless 
positive  steps  are  taken  to  preserve  the  areas  for  that  specific 
use.  Such  steps  may  affect  the  eventual  cost  of  the  projects  and 
will  most  certainly  be  complicated  and  involved  For  example, 
acquisition,  options  or  easements  may  be  indicated  in  some  in- 
stances, and  these  entail  consideration  of  leaseback  and  con- 
trolled development  of  the  lands  being  preserved.  Furthermore, 
dam  sites  proposed  in  survey  scope  investigations  are  apt  to  be 
changed  a reasonable  distance  upstream  or  downstream  as  the  re- 
sult of  detailed  site  studies  made  in  connection  with  precon- 
struction investigations.  From  consideration  of  the  factors  in- 
volved it  appears  that  the  most  practical  means  of  preserving 

the  reservoir  sites  would  require:  (a)  that  the  dam  sites  be 

firmly  fixed  by  detailed  site  investigations  immediately  follow- 
ing project  authorization;  (b)  land  acquisition  programs,  based 
on  detailed  dam  site  surveys  and  project  land  needs,  be  initialed 
as  soon  as  practical  and  pursued  in  an  orderly  manner  until  the 
preservation  of  the  reservoir  site  is  assured;  (c)  leaseback  or 
other  types  of  programs  designed  to  keep  the  acquired  lands  in 
productive  use  until  they  are  needed  for  reservoir  purposes  and 
(d)  programs  to  mitigate  the  effects  of  the  land  acquisition 
program  on  the  taxing  structure  and  incomes  of  such  governmental 
units  as  school  districts,  townships  and  counties. 

224.  IMPLEMENTATION  OF  RELATED  PROGRAMS  The  related  pro- 
grams needed  to  supplement  and  complement  the  major  physical 
elements  of  the  water  control  plan  are  not  susceptible  of  pre- 
cise scheduling.  Most  of  these  programs  are  currently  operative 
and  effective  in  the  areas  of  land  management,  controlling  the 
use  of  flood  plains,  preservation  of  recreation,  fish  and  wild- 
life resources,  the  abatement  of  pollution,  and  improvement  of 
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water  quality.  These  programs  must  be  vigorously  pursued  in  the 
future  and  be  responsive  to  their  unique  role  in  satisfying  those 
water  resource  needs  that  cannot  be  fully  satisfied  through  reser- 
voirs alone  either  because  it  would  be  uneconomic  to  do  so  or  the 
satisfaction  of  such  needs  are  beyond  the  scope  of  water  control 
alone.  The  nature  of  this  planning  effort,  in  providing  a guide 
for  water  resources  development  for  a river  basin  encompassing  a 
broad  geographic  area  and  economic  base,  for  a planning  period  of 
50-years,  requires  periodic  review  to  adjust  to  conditions  as 
they  develop  or  can  be  more  firmly  projected.  This  will  require 
continuous  and  active  participation  of  local  interests.  The 
variety  and  scope  of  the  related  programs  will  necessitate  further 
participation,  essentially  by  local  interests.  As  elements  of  the 
plan  become  operative  their  role  in  the  overall  resource  programs 
of  the  area  will  require  reappraisal  at  timely  intervals. 

225.  COORDINATION  OF  INTERESTS.  The  comprehensive  nature  of 
the  proposed  plan  of  development  for  the  water  resources  of  the 
Delaware  River  Basin  embraces  a number  of  water  control  measures 
and  resource  programs,  serves  a variety  of  functions,  and  re- 
quires financial  and  program  participation  by  Federal  and  non- 
Federal  interests.  As  a means  for  coordinating  and  integrating 
these  interests  the  local  agencies  of  the  area  are  currently  con- 
sidering the  nature  and  establishment  of  an  appropriate  organiza- 
tion. One  form  of  organization  designed  to  accomplish  this  is 
presented  in  appendix  X to  this  report. 


CHAPTER  X 

SALT  WATER  BARRIER  STUDY 


226.  PURPOSE . Pursuant,  to  the  resolution  adopted  by  the  Com- 
mittee on  Public  Works  of  the  United  States  Senate  on  28  April  1958, 
a preliminary  analysis  was  made  of  the  economic  feasibility  of  con- 
structing a salt  water  barrier  in  the  Delaware  River  estuary  with  a 
view  to  determining  whether  there  was  justification  for  making  de- 
tailed studies  of  all  aspects  of  such  a proposal.  Details  of  the 
analysis  that  was  made  are  contained  in  appendix  S. 

227.  SCOPE  OF  STUDIES.  The  work  required  for  the  analysis  fell 

into  the  categories  of:  fa)  field  investigations;  (b)  model  tests; 
and  (c)  office  studies.  The  field  work  consisted  of  reconnaissance 
and  inspection  of  possible  project  site  locations.  Model  tests  were 
made  to  determine  tne  best  type  of  barrier  and  its  effects  on  tides, 
currents  and  salinity.  The  office  studies  included:  (a)  the  analysis 

of  data  on  future  water  requirements;  (b)  analysis  of  the  effect  a 
barrier  would  have  on  existing  improvements,  fish  and  wildlife  re- 
sources, recreation,  shore  lines,  flooding  from  hurricane  surges; 

(c)  preliminary  design  of  the  barrier,  locks  and  other  required 
facilities;  (d)  consideration  of  other  possible  sources  of  fresh 
water  in  lieu  of  that  to  be  provided  by  the  barrier;  and  (e)  an 
economic  analysis  from  which  conclusions  were  drawn. 

228.  SITE  SELECTION.  The  location  for  the  barrier  had  to  be 
such  that  its  construction  would  result  in  a large  body  of  fresh 
water  to  provide  a water  supply  for  northern  Delaware.  It  was  also 
desirable  to  place  the  barrier  north  of  the  entrance  to  the 
Chesapeake  and  Delaware  Canal  in  order  that  the  tidal  regimen  of 
this  sea-level  waterway  would  not  be  radically  changed.  Considera- 
tion of  these  factors  placed  the.  barrier  in  the  New  Castle-Delaware 
City  area.  Three  sites  in  this  area  were  considered  and  the  site 
adopted  was  chosen  because;  (a)  it  provides  vessels  the  best 
approaches  to  the  locks;  (b)  it  provides  minimum  width  of  river  for 
barrier  construction;  and  (c)  it  involves  minimum  interference  with 
existing  improvements. 

229.  MODEL  STUDIES.  To  determine  the  type  of  barrier  that 
would  effectively  stop  the  intrusion  of  salt  water  tests  were 
made  in  the  model  of  the  Delaware  River  at  the  Waterways  Experi- 
ment Station.  Details  of  these  tests  are  contained  in  appendix  S. 

Two  plans  with  different  types  of  barriers  were  tested  at  the  same 
location  in  the  model.  Plan  A consisted  of  a barrier  with  a navi- 
gation opening  500  feet  wide  at  elevation  minus  40  (Delaware  River 
datum),  to  permit  the  passage  of  vessels,  and  a spillway  4,000  feet 
long  with  a crest  at  elevation  6.0  for  the  passage  of  peak  fresh 
water  flows.  Plan  B consisted  of  a barrier  with  four  navigation 
locks  for  the  passage  of  vessels,  and  a spillway  4,000  feet  long 
with  a crest  at  elevation  8.0  to  prevent  overtopping  by  tides. 
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230.  The  model  tests  showed  that  the  barrier  in  Plan  A,  having 
an  ungated  opening,  would  have  no  beneficial  effects  on  salinity  up- 
stream of  the  barrier  site,  because  the  upstream  limit  of  salinity  in- 
trusion would  not  be  reduced.  In  the  case  of  Plan  B,  the  tests  showed 
that  the  barrier  would  cause  more  extensive  salinity  intrusion  than  is 
the  case  under  existing  conditions  unless  means  were  provided  for  re- 
moval of  salt  water  which  would  enter  the  upper  pool  during  each  ship 
transit  through  the  locks.  Plan  B,  the  barrier  with  locks,  was  there- 
fore modified  by  the  addition  of  a scavenger  sump  in  the  upper  pool 
with  a gravity  drain.  Tests  showed  that  this  modified  plan  would 
effectively  control  salinity  intrusion  into  the  upper  pool. 

231.  Tests  in  the  model  also  showed  that  any  barrier  that  ob- 
structed the  tidal  wave  in  the  estuary  to  an  appreciable  degree 
would  cause  drastic  changes  in  the  tidal  regimen.  The  barrier  with 
navigation  locks,  as  demonstrated  by  the  effects  of  Plan  B,  would 
cause  the  maximum  change  in  tidal  regimen. 

232.  PLAN  OF  IMPROVEMENT.  On  the  basis  of  the  results  of  the 
model  tests,  the  type  of  barrier  in  Plan  B,  modified,  was  adopted 
for  the  plan  of  improvement.  The  site  selected  for  the  barrier  in 
this  plan  is  located  a short  distance  downstream  from  New  Castle, 
Delaware . 

233.  STRUCTURES.  The  structures  in  the  plan  of  improvement 
consist  of  levees,  earth  embankments,  locks,  spillway,  a concrete 
transition  between  spillway  and  locks,  and  a sump  and  drain  system. 

The  levee  sections  would  be  built  across  the  land  areas  and  marshes 
requiring  diking.  The  embankment  sections  would  be  located  across 
the  shallower  portions  of  the  river  near  the  shores  The  lock 
section  would  contain  four  locks,  two  large  ones  and  two  small  ones, 
located  symmetrically  about  a center  island,  on  which  would  be 
placed  the  control  tower,  administration  building  and  maintenance 
shops.  One  large  lock  would  be  located  along  each  side  of  the 
center  island  and  one  small  lock  would  be  located  along  the  outer 
side  of  each  large  lock.  The  spillway  would  be  a concrete  gravity 
section  4,705  feet  in  length,  with  the  crest  at  elevation  6.0  and 
crest  gates  to  provide  a closure  to  elevation  28.0.  A non-over- 
flow concrete  gravity  section  620  feet  long  would  provide  a trans- 
ition between  the  lock  and  spillway  sections.  A fish  ladder 

would  probably  be  required  if  a solid  barrier  is  constructed.  The 
top  elevation  of  the  barrier  would  be  28.0  and  its  full  length 
would  be  about  53,300  feet.  The  large  locks  would  be  1,200  feet 
long  and  170  feet  wide,  and  provide  a depth  of  50  feet  over  the 
sills.  The  small  locks  would  be  500  feet  long  and  80  feet  wide, 
and  provide  a depth  of  35  feet  over  the  sills.  The  scavenger 
sump,  to  collect  intruding  salt  water,  would  be  2,000  feet  long, 

800  feet  wide,  with  a bottom  elevation  of  minus  50,  and  would  be 
located  on  the  channel  center  line  about  5,000  feet  upstream  of 
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the  barrier.  A gravity  drain  from  the  bottom  of  the  sump  would 
carry  the  collected  salt  water  to  the  downstream  side  of  the 
barrier . 

234.  PHYSICAL  EFFECTS.  A barrier  in  the  Delaware  River 
estuary  would  produce  various  and  far-reaching  effects  on  ex- 
isting physical  characteristics.  Some  of  the  physical  effects 
would  generate  economic  effects. 

235.  The  primary  purpose  of  the  proposed  barrier  is  to 
prevent  the  ir.t  usion  of  salt  water  and  to  create  a source  of 
fresh  water  supply  in  the  vicinity  of  northern  Delaware.  Model 
tests  have  demonstrated  that  the  type  of  barrier,  with  a 
scavenger  sump,  presented  in  the  plan  of  improvement  would 
probably  effectively  control  the  intrusion  of  salt  water  into 
the  upper  pool. 

236.  Tidal  action  of  the  Delaware  Estuary  would  be  affected 
by  the  barrier;  the  tide  would  be  eliminated  above  the  barrier 
and  the  magnitude  and  timing  of  tides  would  be  changed  below  the 
barrier.  Elimination  of  the  tide  above  the  barrier  would  also 
eliminate  the  currents  developed  by  the  rise  and  fall  of  tides 
in  this  reach  of  the  river.  Just  downstream  from  the  barrier 
the  range  of  tide  would  be  increased  by  about  3.8  feet  and  the 
times  of  high  and  low  tides  would  be  advanced  by  about  one  hour. 
Model  tests  showed  that  immediately  below  the  dam  site,  the  el- 
evation of  low  tide  would  be  lowered  by  about  two  feet,  and  the 
elevation  of  high  tides  would  be  increased  by  about  1.8  feet. 

At  all  stations  below  the  barrier  tidal  current  velocities 
would  be  reduced,  indicating  that  the  tidal  prism  would  be  re- 
duced appreciably 

237.  Upstream  of  the  barrier  the  water  level  in  the  pool 

would  be  stabilized  at  about  the  present  plane  of  mean  high 
water.  During  floods,  or  freshets,  the  stage  would  be  higher 
than  the  present  meat,  high  water  level.  A constant  pool  level 
above  the  barrier  would:  (a)  stabilize  the  shore  line;  (b) 

eliminate  tidal  marshes  and  mud  flats;  (c)  affect  many  shore 
structures,  storm  drains  and  sewage  systems;  (d)  limit  vertical 
clearances  under  bridges  to  those  now  existing  at  mean  high 
water;  (e)  provide  additional  depth  of  water  for  navigation  in 
channels  of  the  Delaware  and  its  tributaries  and  allow  deeper 
draft  vessels  to  utilize  these  channels  at  all  times;  and  (f) 
eliminate  delays  caused  by  deep-draft  vessels  awaiting  high  tide 
in  order  to  get  enough  depth  to  bring  the  vessels  into  the  port 
area.  On  the  other  hand  navigation  would  be  adversely  affected 
because  of  delays  Lhat  would  be  associated  with  passage  through 
the  locks.  A barrier  in  the  estuary  would  restrict  free  passage 
of  migratory  fish  in  the  river,  and  permanent  flooding  of  tidal 
marshes  and  the  elimination  of  saline  water  from  the  area  above 


the  barrier  would  have  some  beneficial  and  some  detrimental  effects 
on  wildlife. 


238.  In  addition  to  the  above,  many  other  changes  in  the 
physical  characteristics  of  the  estuary  would  result.  The  more 
prominent  among  these  are  as  follows,  (a)  shoaling  rates  and 
locations  where  shoaling  occurs  would  be  changed  due  to  the 
elimination  of  tidal  currents  in  the  pool  above  the  barrier  and 
due  to  the  reduction  in  tidal  currents  downstream  from  the  barrier; 
(b)  the  levels  of  ground  water  tables  would  be  raised  by  the  con- 
stant high  water  pool  behind  the  barrier:  (c)  the  temperature  of 
the  water  in  the  reaches  behind  the  barrier  would  be  raised  due  to 
the  elimination  of  the  tidal  currents  which  have  a flushing  effect 
that  changes  the  water  and  keeps  the  temperature  of  the  water 
uniform  as  determined  by  prevailing  weather  conditions;  (d)  the 
quality  of  the  water  behind  the  pool  would  be  adversely  affected 

by  the  elimination  of  the  tidal  currents;  (e)  conditions  more 
favorable  to  the  formation  of  ice  would  be  produced  by  the  elim- 
ination of  tidal  effects  and  reduction  in  salinity  above  the  pool; 
and  (f)  the  downstream  passage  of  ice  would  be  obstructed  by  the 
barrier . 

239.  COSTS . Refined  and  detailed  estimates  of  cost  were  not 
warranted  for  this  proposed  project  because  it  was  apparent  that 
alternative  developments  for  satisfying  the  water  supply  needs  of 
northern  Delaware  were  more  economical.  Therefore  estimates  of 
probable  first  costs,  of  preliminary  scope,  were  prepared  for 
appraising  the  feasibility  of  developing  a favorable  barrier 
project.  The  preliminary  total  first  cost  of  the  barrier,  includ- 
ing facilities  required  for  navigation,  is  estimated  to  be  about 
$345,000,000,  based  or.  January  1960  price  levels.  In  order  to  use 
the  barrier  pool  as  a source  of  water  supply,  intake  and  water 
transmission  facilities  would  need  to  be  constructed.  With  the 
intake  located  near  New  Castle,  a pressure  pipeline  would  be  re- 
quired for  carrying  water  to  an  existing  reservoir  for  storage 
and  dispersion.  The  estimated  cost  of  these  facilities  is 
$35,000,000.  For  a pressure  tunnel  with  an  intake  at  Edgemoor, 
Delaware,  the  estimated  cost  is  $45,000,000. 

240.  ALTERNATES  CONSIDERED.  Since  the  purpose  of  the  pro- 
posed barrier  would  be  to  provide  a source  of  fresh  water  supply, 
other  means  of  providing  such  a supply  were  investigated.  The 
two  proposed  reservoir  projects  identified  as  "Christiana"  and 
"Newark",  located  in  Delaware  and  discussed  elsewhere  in  this  re- 
port and  included  in  the  recommended  plan,  were  considered  as 
suitable  alternates.  In  addition,  other  sources  to  augment  the 
supplies  from  these  reservoirs  as  the  needs  increased,  were  also 
considered.  One  such  source  is  the  Susquehanna  River,  and  another 
is  the  Delaware  River  above  the  zone  of  salt  water  intrusion. 


Diversion  from  the  Susquehanna  River  would  be  at  a point  upstream 
from  Conowingo  Dam.  The  cost  of  providing  facilities  included  in 
this  scheme  is  estimated  to  be  about  $170,000,000  based  on  utiliz- 
ing a pressure  tunnel  irom  the  Susquehanna  Two  schemes  were  con- 
sidered wherein  the  Delaware  above  the  salt  water  zone  would  be 
used  as  the  source.  One  of  these  includes  an  intake  near  Poquessing 
Creek  on  the  Delaware  River.  The  facilities  would  cost  about 
$200,000,000  In  the  other  plan  the  intake  would  be  at  South  Street 
in  Philadelphia,  and  the  estimated  cost  is  about  $160,000,000.  De- 
tails of  these  alternate  considerations  are  contained  in  appendix  S. 

241.  CONCLUS IONS.  The  analysis  made  indicates  that  it  would 
be  physically  feasible  to  construct,  operate  and  maintain  a barrier 
across  the  Delaware  estuary  and  that  the  barrier  would  effectively 
halt  the  intrusion  of  salt  water  and  create  a fresh  water  pool.  It 
was  also  shown  that  the  barrier  would  have  complex  and  far-reaching 
physical  and  economic  effects  on  water-supply,  navigation,  flood- 
control,  fish  and  wildlife,  recreation  and  industry.  Consideration 
of  all  these  factors  does  not  disclose  any  clear-cut  justification 
for  making  additional  detailed  studies  of  the  proposed  barrier 
project  at  this  time. 
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CHAPTER  XI 

DISCUSSION  AND  CONCLUSIONS 

242.  DISCUSSION . The  comprehensive  review  of  the  water  re- 
sources of  the  Dulaware  River  Basin  was  undertaken  with  a view  to 
defining  all  current  and  future  water  control  problems  of  the 
basin  and  formulating  the  most  efficient  and  economical  water  con- 
trol plan  to  satisfy  these  needs.  Four  basic  considerations  had 
an  important  bearing  on  project  formulation  in  this  study.  They 
are;  (a)  the  intent  of  Congress  in  authorizing  the  survey;  (b) 
desires  of  local  interests;  (c)  adherence  to  sound  engineering 
judgment  and  construction  principles;  and  (d)  development  of  a plan 
of  improvement  which  would  provide  the  best  means  for  achieving  the 
balanced  program  with  minimum  investment. 

243.  The  improvements  comprising  the  plan  of  development 
include; eleven  major  control  projects  to  be  developed  for  multiple- 
purposes  at  specified  times  during  the  next  50  years,  eight  major 
control  projects  to  be  developed  initially  for  recreation  during 
the  next  50  years  as  needeij  and  39  small  control  projects  to  be 
developed  at  an  early  date  for  flood  control  purposes  under  existing 
authorizations  and  continuing  programs.  The  final  survey-scope  esti- 
mates of  construction  costs,  annual  costs  and  annual  benefits  for 
each  major  control  project  and  each  of  the  three  small  control  proj- 
ects are  summarized  in  table  XI-1.  That  table  includes,  also,  pre- 
liminary benefit  and  cost  data  for  the  group  of  36  small  control 
projects.  The  projects  in  the  plan  would  provide  about  19  million 
visitor-days  of  recreation  opportunities  annually  at  year  2010; 
reduce  average  annual  flood  damages  in  the  intermediate  upstream 
areas  about  46%  and  in  the  principal  water  course  areas  about  35  per- 
cent; meet  all  projected  requirements  for  net  surface  water  augmenta- 
tions; and  produce  annually  about  375  million  kilowatt-hours  of  hydro- 
electric energy  by  means  of  conventional  power  plants  - an  additional 
732  million  kilowatt-hours  would  bn  produced  if  the  pumped -storage 

| potentiality  were  developed. 

244.  Reservoir  sites  that  can  be  readily  developed  in  the  basin 
for  the  long-  or  short-term  storage  of  excess  surface  waters  are 

not  plentiful.  The  major  resarvoir  projects  included  in  the 
basic  plan  represent  the  most  practical  and  economically  feasible 
reservoir  potentials  available  in  the  basin  at  this  time.  Unless 
| steps  are  taken  to  preserve  these  sites  in  essentially  present 

conditions  of  land  use,  radical  changes  in  these,  conditions  may 
and  probably  will  take  place  during  the  periods  prior  to  the  in- 
dicated construction  dates.  Such  changes  in  land  use  may  make  use 
of  the  sites  for  reservoir  purposes  economically  infeasible  with 
possible  far-reaching  adverse  effects  on  the  economic  well-being 
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TABU  XI  -1 


Sl’MMAK 

OF  COSTS  AND 

BENEFITS  (EXCLUSIVE  OF  RECREATION  TO 

BE 

PIumuED  BY  NON* 

EDEKAl.  INIKKEM.S  AND  Sfcl  OND  MACK  l.ONMKU  ! I'lfi  FOR  WATEi  MKI  . 

( in 

housands  ■> 

dol  lax  s) 

(All 

jmoun is  r minded , 

totals  may  not 

• 

sums  of  l nd i ' 

idual  items  due 

to  round  ill/,) 

Survey 

Pro  Jec t 

cost 

Construction  expend  1 

ures 

Annual  operation,  maintc 

nance , and 

re 

placement  costs 

1/ 

Federal 

Federal 

Federal 

Direct 

Total 

Federal 

Federal 

costs 

non-Fedtra l 

costs 

Direc  t 

Total  i 

re Imbur  sab  1 « 

costs 

reimbursable 

■ teral 

by  non-Federal 

by  non-Federal 



interests 

interests 

MAJOk  CONTROL 

ROJECTS  Ji 

Hawk  Mountain 

25 

_ 

. 

42,000 

42,000 

_ 

291 

4/ 

Prompt on  (Modification) 

10 

4,97u 

4 , 500 

- 

4,970 

8o  4/ 

54 

- 

(84)5/ 

(38) 

(84)—' 

locks  Island  * (Without 

pumped -stoiJfie  hydropower) 

175 

122,000 

2b, 500 

- 

122,000 

1,970 

98 

1.970 

(1 .970) 

(20) 

(1.970)  1 

Bear  Creek  (Modification) 

15 

13,400 

9,110 

- 

13,400 

120  7' 

64 

,JU  5/ 

( 1 20)— X 

(34) 

( 1 20)— ' 

Be l tzville 

35 

1 3 , 800 

7,540 

- 

13,800 

108 

48 

i08  i 

(108) 

(34) 

- 

(108)  | 

AquashicoLa 

40 

19,000 

10,400 

- 

19,000 

85 

44 

85  | 

(85) 

(34) 

(85)  ] 

Trexler 

30 

10, 100 

5,770 

- 

10,100 

104 

47 

- 

104  1 

(104) 

(35) 

1104)  1 

Maiden  Creek 

45 

27,600 

17,800 

- 

27,600 

138 

55 

138 

(138) 

(44) 

1138)  j 

Blue  Marsh 

45 

12,500 

5,410 

. 

12,500 

111 

38 

. 

111 

dll) 

(26) 

- 

(111)  1 

Newark 

20 

- 

- 

15,300 

15,300 

- 

- 

190 

190  \ 

Chr 1st lana 

25 

- 

- 

18,000 

18,000 

- 

- 

302 

302  l 

Sub-total 

465 

224,000 

89,100 

75,300 

299,000 

2,710 

450 

784 

3 , 500  j 

(2,710) 

(266) 

(2.710)  j 

MAJOk  CONTROL  PROJECT 

TO  BE  DEVELOPED  IN  TWO 

>TAGES  -1 

Paulina 

15 

- 

- 

12,200 

12,200 

. 

221 

221  \ 

Pequest 

15 

- 

- 

4,990 

4,990 

- 

115 

115 

Hackettstown 

20 

- 

- 

17,100 

17,100 

- 

553 

553 

New  Hampton 

15 

- 

- 

16,300 

16,300 

- 

332 

332  j 

Tohlckon 

20 

- 

- 

12,200 

12,200 

- 

276 

27b  | 

Newtown 

25 

- 

- 

27,800 

27,800 

- 

415 

415  ] 

French  Creek 

20 

- 

- 

12,100 

12, 100 

332 

332  1 

Evansburg 

20 

- 

- 

16,300 

16,300 

- 

345 

345  j 

Sub-total 

150 

- 

- 

119,000 

119,000 

- 

- 

2,590 

2,590  j 

SMALL 

CONTROL  PROJECTS  l1 

Parkside 

2 

1,000 

- 

21 

1,020 

. 

. 

0.3 

0.3 

Swl f twater 

2 

1,030 

- 

47 

1,080 

- 

- 

0.3 

0.3 

Jim  Thorpe 

2 

44  5 

- 

24 

469 

- 

- 

0.3 

0.3 

36  small  control  projects 

listed  in  Table  VII-l 

40 

6,270 

- 

782 

7,060 

- 

11 

11  .] 

Sub-total 

48 

8,750 

* 

874 

9,630 

- 

- 

12 

12  i 

TOTAL,  ALL  WATER  CONTROL 

PROJECTS  l1  £ 

7/ 

Major  control  projects 

465 

224,000 

89,100 

75,300 

299,000 

2,710 

450 

784 

3,500 

(2,710) 

(266) 

{2,710) 

Major  control  projects 

150 

- 

- 

119,000 

119,000 

- 

- 

2,590 

2,590  | 

to  be  developed  in 

two  stages 

Small  control  projects 

48 

8,750 

- 

874 

9,630 

- 

- 

12 

12  1 

Total 

662 

232,000 

89,100 

195,000 

428,000 

2,710 

4 50 

3,380 

b,lO0  j 

(2,710) 

(266) 

(3,310)  j 

♦Totks  Island  (with  non- 

175 

124,000 

30,900 

53,800 

177,000 

1,970 

112 

3,670 

1 , b 30  ; 

Federal  development  of 

(1,970) 

(&8) 

(3,670) 

(3,630) 

pumped-storage  hydropower) 

*Tocks  Island  (with 

175 

177,000 

24,000 

. 

177,000 

5,630 

8b 

_ 

5,6  30 

Federal  development  of 

(5,630) 

(0) 

. 

(5.630)  j 

pumped-storage  hydropower) 

Figures  shown  in  parentheses  are  for  period  of  d 

•ferral  of  use  of 

storage  for  i 

iture  water 

supply. 

2/  Equivalent  annual  cost 

jf  survey  included. 

3/  Exclusive  of  indirectly 

related  recreation  excep 

for  Tucks  Island.  For  detail 

on  this  function  see  paragraph  140  and  Table  Vll-5, 

j Total  "perat ion .maintenance  and  replacement  costs  lor  multiple-purpose  project. 

} Benefits  and  costs  for  new  construction  expenditures. 

b Ext  Ins  i'.  • of  s.-i.md  Stage  construction  for  water  supply  alter  year  ."10.  For  details  see  paragraph  177  and  Table  Vll-5. 
2 Exclusive  of  optional  recreation.  For  details  see  paragraph  187  b (2)  and  Table  Vtt-5. 

8/  Includes  $27,100,000  for  water  supply  and  $3,600,000  Joint  costs  allocated  to  pumped -storage  hydropower. 


of  the  water  service  area.  The  intial  development  of  eight  major 
control  projects  for  recreation  has  the  added  advantages  of  site 
preservation  inherent  in  the  two-stage  development.  For  the  major 
control  projects  proposed  for  multiple-purpose  development  at  in- 
dicated dates  during  the  next  50  years,  a program  to  acquire  the 
reservoir  lands  at  an  early  date  is  in  order. 

245.  Proposed  Federal  and  non-Federal  participation  in  the 
development  of  the  individual  projects  is  in  accordance  with  general 
policies  expressed  in  the  Flood  Control  Act  of  1936,  Section  4 of 
the  Flood  Control  Act  of  1944,  and  the  Water  Supply  Act  of  1958. 

However,  the  apportionment  of  recreation  and  pumped- storage  power 
costs  at  the  Tocks  Island  Project  are  worthy  of  note.  Studies 
showed  that  the  recreation  benefits  at  the  Tocks  Island  Project 
will  have  widespread  regional  and  national  significance  and,  accord- 
ingly, all  specific  and  allocated  recreation  costs  were  assigned 
generally  to  Federal  interests.  The  physical  features  in  the  vicinity 
of  the  Tocks  Island  dam  site  are  uniquely  suited  to  the  development 

of  pumped- storage  facilities  at  this  location.  Analysis  of  the  prospec- 
tive peak  electric  power  load  for  the  foreseeable  future  in  the  region 
that  facilities  at  Tocks  Island  would  supply  shows  that  an  increasing 
demand  for  peak  power  will  exist.  A large  block  of  peak  power  at  Tocks 
Island  therefore  will  be  marketable  if  it  can  be  produced  economically. 
Analyses  of  incremental  benefits  and  costs  attributable  to  the  facility 
show  that  the  project  would  probably  be  feasible  as  either  a Federal  or 
a non-Federal  venture.  However,  the  margin  is  insufficient  to  justify 
a conclusion  that  the  facility  should  be  constructed  as  a Federal  venture, 
as  it  has  not  been  practicable  to  establish  definitely  either  the  cost 
of  the  off-peak  energy  required  for  pumping  or  the  marketing  price  of 
the  peak  energy  to  be  produced  by  the  facility.  Although  private  power 
interests  have  furnished  written  evidence  of  their  willingness  to  develop 
these  facilities  at  non-Federal  expense,  there  is  no  compelling  reason 
to  conclude  at  this  time  that  development  should  be  accomplished  as  a 
non-Federal  project.  The  approximate  range  of  Federal  and  non-Federal 
participation  in  the  plan  of  development  is  summarized  in  tables  XI-2 
and  XI-3.  A definite  and  equitable  allocation  would  involve  detailed 
consideration  of  numerous  and  complex  factors  which  can  best  be  developed 
by  detailed  study  prior  to  construction, 

246.  Additional  information  on  recommended  projects  called  for  in 
Senate  Resolution  148,  85th  Congress,  1st  Session,  adopted  28  January 
1958,  is  contained  in  Attachment  A to  this  report, 

247.  At  the  time  of  preparation  of  this  report,  firm  information 
on  the  monetary  value  of  the  benefits  and  damages  that  would  be  re- 
flected upon  fish  and  wildlife  resources,  by  virtue  of  the  development 
of  the  projects  in  the  proposed  plan  of  development,  was  not  available 
from  the  Fish  and  Wildlife  Service  for  use  in  economic  analyses.  In 
its  reconnaissance  report,  appendix  J,  however,  the  Service  states  that 
in  order  to  mitigate  the  effects  of  the  19  major  control  projects  on 
present  stream  fisheries  in  pr ivately-owned  areas  to  be  affected  by  the 
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projects,  the  acquisition  in  public  ownership  and  improvement  of 
18  miles  of  stream  would  be  required.  Similarly,  the  Service  finds 
that  the  acquisition  in  public  ownership  and  improvement  of  46,796 
acres  of  land  would  be  required  to  maintain  the  "status  quo"  for 
public 
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TABLE  XI-2 

ANALYSIS  OF  FEDERAL  AND  NUN- FEDERAL  CONSTRUCTION  COSTS 
(FOR  FLAN  PRESENTED  IN  TABLE  XI -1) 

(All  amounts  rounded;  totals  may  not  agree  with  sums  ol  individual  Items  due  t rounding) 
(in  thousands  of  dollars) 


Distribution  of  Construction  Costs  be twe <- n Project  Fund 

loos  1/ 

Project 

Flood 

Control 

Recr 

eat  ion 

Pc 

iwer 

Water  Supply 

App -rt  tons*! nt# 

Federal 

Direct 
non- Federal 

Fede ral 

Direct 

nou-Federal 

Federal 

Direct 
non- Federal 

Federal 

federal  Gusts 
Reimbursable 
by  nun-Fcderal 
interests 

Direct 
nun- Fede  ral 

federal 

Federal  i.  »ts 

Reimbursable 
by  non-fed . 
inter,  sis 

Direct  _ , 

ruu 

(D 

(2) 

o> 

(4) 

w 

0>) 

(7) 

(8) 

(9) 

(10) 

(ID 

(U) 

(13)  (14 

1 

MAJOR  CONTROL  PROJECTS  2/ 

»Uwk  Mountain 

- 

- 

. 

1,580 

- 

8,150 

- 

- 

32.300 

- 

42  ,000  42 ,( 

Prompt  on  (Mod  If icatton) 

-21a  )/ 

- 

fc8i 

. 

. 

. 

4,500 

4,500 

. 

4.970 

4.500 

V, 

(90.7 

(90.7) 

;"ik»  Island* 

14 , 200 

- 

58,200 

- 

21,500 

- 

28,500 

28.500 

- 

122,000 

28,500 

122, 

. ithuut  pumped -storage 

(23.3) 

(23.3) 

hvdrupoMtrY 

Hear  r » * • (Modif  ication) 

3.510  4/ 

. 

824 

. 

. 

9,110 

9,110 

. 

13,400 

9,110 

13, 

(67.8) 

(67.8) 

lie  it  * vi  1 1* 

4,720 

- 

1,560 

- 

- 

- 

7,540 

7,540 

l J.800 

7,540 

(54.6) 

(54.6) 

Aquaslm  OU 

6. -.90 

- 

2 ,050 

- 

- 

- 

10, *00 

10,400 

- 

19,000 

10 , .00 

19, 

(55.0) 

(55.0) 

2.150 

- 

2,  ISO 

- 

- 

- 

5,770 

5,770 

- 

i0,100 

5,770 

(57.3) 

(57.3) 

5,610 

- 

*.140 
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hunting  and  game  habitat  now  in  areas  to  be  affected  by  the  projects. 
Other  measures  proposed  by  the  Service  include  access,  sanitary, 
parking  and  boat  launching  facilities  at  each  project,  arrangements 
for  water  releases  of  prescribed  volume  and  temperatures  for  down- 
stream fisheries,  and  fishery  management  operations  for  reservoirs. 

An  interim  report  on  late  investigations  by  the  Fish  and  Wildlife 
Service  indicates  that  the  plan  of  development  described  for  each 
project  in  chapter  VII  would  largely  mitigate  and  compensate  for  the 
above  indicated  damages  to  fish  and  wildlife  resources.  In  consider- 
ing this  latest  view  of  the  Service,  it  is  believed  that  the  overall 
conclusions  of  this  report  will  not  be  materially  affected  by  the 
insertion  of  the  Service's  monetary  evaluations  when  they  become 
available.  An  addendum  to  appendix  J is  being  prepared  by  the  Fish 
and  Wildlife  Service,  and  it  is  understood  that  the  addendum  will 
give  firm  monetary  evaluations  for  fish  and  wildlife  benefits  and 
damages  due  to  the  projects.  The  addendum,  when  received,  could  be 
added  to  the  appendix  and  the  report  modified,  if  necessary,  during 
the  review  process. 

24 o.  Federal  agencies,  States  and  principal  municipalities, 
responsible  for  the  functions  and  activities  embraced  in  the  plan, 
were  informed,  as  the  study  progressed,  of  the  features  of  the  com- 
prehensive plan.  At  the  conclusion  of  the  studies  four  public  hear- 
ings were  held  at  points  in  the  basin  to  advise  local  interests  of 
the  findings  of  the  study  and  to  afford  them  opportunities  to  ex- 
press their  views.  It  is  believed  that  interests  in  the  basin  are 
in  general  agreement  with  the  plan  presented.  Under  the  review 
’ procedures  prescribed  for  this  survey  report  local  interests  will 

be  afforded  opportunity  for  further  comment. 

249.  COKCLL'S IOi’S.  The  control  and  utilization  of  the  stream 
flows  of  the  basin  to  alleviate  flood  damages;  provide  supplies  of 
water  for  municipal,  industrial  and  rural  uses;  provide  recreation 
opportunities;  generate  hydroelectric  energy;  and  provide  the 
products  of  related  land  and  water  management  are  required  to 
sustain  the  economic  well-being  of  the  Delaware  River  Basin  and 
its  water  service  area.  It  is  concluded  from  studies  of  impound- 
ing measures,  local  protection  works,  a salt  water  barrier  and 
other  practical  alternative  measures  that  the  most  feasible  and 
economic  way  to  satisfy  these  requirements  is  the  development  of 
the  plan  of  control  projects  discussed  above.  It  is  concluded 
also  that  these  requirements  can  be  further  satisfied  by  supple- 
mental programs  to  provide  land  management  measures,  control  use 
of  the  flood  plains,  remove  pollution  loads,  and  conserve  ground 
and  surface  waters. 

250.  The  benefits  to  be  realized  from  the  development  of 
the  proposed  plan  for  the  control  and  utilization  of  the  water 
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resources  will  exceed  the  cost  of  such  development.  The  nature  and 
widespread  effects  of  benefits  from  the  plan  of  development  warrant 
Federal  participation  in  the  costs  of  development  to  the  extent  in- 
dicated in  the  discussion. 


CHAPTER  XII 


RECOMMENDATIONS 

251.  The  District  Engineer  recommends: 

a.  That  the  plan  as  formulated  in  this  report  and  consist- 
ing of  the  following  elements  be  adopted  as  the  Comprehensive  Plan 

for  development  and  beneficial  public  use  of  the  water  resources  of  the 
Delaware  River  Basin: 

(1)  Construction  of  the  projects  as  listed,  and  for 
the  purposes  shown,  in  table  VII-5  at  a total  estimated  cost  of 
$591,000,000  of  which  $143,000,000  would  be  Federal  cost  and  $89,100,000 
would  be  Federal  cost  reimbursable  by  non-Federal  interests. 

(2)  Continuous  and  vigorous  action  by  Federal  and  non- 
Federal  agencies,  separately  and  cooperatively  under  authorities  that 
exist  or  may  be  provided,  in  prosecution  of  programs  for  land  manage- 
ment, controlling  and  regulating  the  use  and  development  of  flood 
plains,  preservation  and  development  of  recreation  and  fish  and  wild- 
life resources,  abatement  of  stream  pollution  and  improvement  of  water 
quality,  conservation  of  ground  and  surface  waters,  and  preservation 

of  sites  for  the  projects  that  comprise  the  Comprehensive  Plan. 

b.  That  the  units  of  the  Comprehensive  Plan  designated  as 
Beltzville,  Blue  Marsh,  Trexler,  Tocks  Island  (without  the  pumped- 
storage  power  feature),  Aquashicola,  Maiden  Creek,  and  modification 
of  the  existing  Prompton  and  Bear  Creek  projects  be  authorized  for 
construction  at  a presently  estimated  total  Federal  cost  of  $134,900,000 
plus  $89,100,000  reimbursable  by  non-Federal  interests  for  water  supply 
storage,  making  a total  of  $224,000,000,  and  a presently  estimated  annual 
maintenance,  operation  and  replacement  cost  of  $2,710,000,  of  which 
$266,000  is  for  water  supply  storage  and  reimbursable  by  non-Federal 
interests  before  use  of  storage  for  future  water  supply  is  begun  and 

of  which  $450,000  is  reimbursable  by  non-Federal  interests  after  use  of 
storage  for  future  water  supply  is  initiated,  all  in  accordance  with 
plans  contained  in  this  report  and  as  summarized  in  tables  XI-2  and 
XI-3;  that  immediately  following  authorization  detailed  site  investi- 
gations and  designs  be  made  for  these  projects  in  an  orderly  and  expedi- 
tious program  for  the  purpose  of  accurately  defining  the  project  lands 
required;  and  that  subsequently  advance  acquisition  be  made  of  such 
title  to  such  lands  as  may  be  required  to  preserve  the  sites  against 
incompatible  development,  all  subject  to  such  modifications  as  in  the 
discretion  of  the  Chief  of  Engineers  may  be  advisable  and  subject  also 
to  the  following  provisions  with  respect  to  these  projects: 

(1)  That  the  non-Federal  share  of  first  cost  and  opera- 
tion and  maintenance  costs  for  each  project  be  determined  by  the  per- 
centages shown  in  columns  9 and  12  in  tables  XI-2  and  XI-3  applied  to 
actual  costs  for  the  completed  project. 
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(2)  That  before  construction  of  each  individual  proj- 
ect non-Federal  interests  contribute  all  lands  and  costs  assigned  to 
non-Federal  interests,  arrange  for  repayment  of  water  supply  storage 
in  a manner  conforming  to  applicable  laws  and  satisfactory  to  the 
Secretary  of  the  Army,  and  agree  to  bear  the  assigned  percentage  of 
annual  operation  and  maintenance  costs  as  summarized  in  columns  9 and 
12  of  table  XI-3. 

(3)  That  the  timing  and  sequence  established  in  this 
report  for  construction  of  the  projects  may  be  altered  when  in  the 
judgment  of  the  Chief  of  Engineers  such  change  is  desirable. 

(4)  That  construction  of  individual  projects  recom- 
mended for  authorization  will  not  construe  a committment  on  the  part 
of  the  Federal  Government  nor  the  responsible  non-Federal  Interests 
for  construction  of  the  remaining  projects. 

(5)  That  non-Federal  interests  agree  to  undertake 
establishment  and  prosecution  of  programs  for  acquisition  of  lands 
and  to  develop  facilities  as  needed  for  the  recreation  developments 
assigned  to  them. 


T.  H„  SETLIFFE 
Colonel,  CE 
District  Engineer 
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ADDITIONAL  INFORMATION  ON  RECOMMENDED  PROJECTS  CALLED  FOR  IN  SENATE 
RESOLUTION  148,  85TH  CONGRESS,  FIRST  SESSION  ADOPTED  28  JANUARY  1958. 

1.  GENERAL  INFORMATION  RELATIVE  TO  PROJECTS  RECOMMENDED  IN  THE 
PLAN  OF  DEVELOPMENT.  The  19  major  control  projects  in  the  recommended 
plan  of  development  were  selected  from  successive  determinations  by 
discrete  screenings  applied  to  193  potential  major  dam  sites  inventoried 
in  the  basin.  Further  evaluations  applied  to  these  projects  assured 
their  maximized  net  returns.  These  projects  are  scheduled  for  varying 
degrees  of  development.  The  first  group  of  eleven  projects  would  be 
developed  for  multiple-purposes  prior  to  the  year  2010.  The  second 
group  of  eight  projects  would  be  initially  developed  prior  to  the  year 
2010  for  meeting  present  single-purpose  needs  with  development  for 
multiple-purpose  deferred  to  after  the  year  2010.  The  39  small  control 
projects  in  the  recommended  plan  were  selected  by  discrete  screenings 
from  386  potential  small  dam  sites  inventoried  in  the  basin.  All 
selected  39  projects  were  found  to  be  presently  justified  for  develop- 
ment primarily  for  flood  control  with  potential  development  for  supplies 
of  water  and  recreation  as  dictated  by  local  needs.  Thirty-six  of  these 
small  projects  would  be  constructed  under  continuing  authorizations  con- 
tained in  Public  Laws  566  and  685.  Three  of  the  small  control  projects 
exceed  cost  limitations  imposed  by  Public  Law  685  but  are  eligible  for 
accomplishment  under  Public  Law  566  subject  to  approval  by  the  Senate 
Agriculture  and  Forestry  Committee  and  the  House  Agriculture  Committee. 

2.  Under  the  planning  procedures  followed  in  this  survey  for 
the  formation  of  the  plan  of  development,  it  has  been  demonstrated  that 
the  58  selected  water  resource  projects  will  satisfy  both  local  and 
basin-wide  current  and  future  needs  for  the  control  of  the  water  re- 
sources of  the  Delaware  River  Basin  in  the  most  efficient  and  economical 
manner.  Those  potential  projects  rejected  in  the  process  of  program 
formation,  through  successive  screening  determinations,  are  not  actual 
physical  alternatives  to  any  of  the  recommended  projects  in  the  plan  of 
development.  The  application  of  the  alternative  evaluation  standards, 
called  for  in  Senate  Resolution  148,  to  the  rejected  projects  would  pro- 
vide no  basis  for  findings  substantially  different  from  those  contained 
in  the  report. 

3.  PROJECTS  RECOMMENDED  FOR  AUTHORIZATION.  Eight  major  con- 
trol projects  are  recommended  for  authorization.  These  are  Beltzville, 
Blue  Marsh,  Trexler,  Prompton  (modification),  Tocks  Island,  Aquashi- 
cola.  Maiden  Creek  and  Bear  Creek  (modification).  Additional  information, 
called  for  in  Senate  Resolution  148,  with  respect  to  the  eight  projects 
recommended  for  authorization  is  presented  in  the  following  paragraphs. 
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4.  BELTZVILLE  PROJECT. 


a.  Description.  The  Beltzville  Project  site  is  located 
on  Pohopoco  Creek  about  0.3  miles  upstream  from  its  confluence  with 
Sawmill  Run  and  4 miles  east  of  Lehighton,  Pennsylvania.  The  pro- 
posed project  would  be  a multiple-purpose  development  to  provide 
supplies  of  water,  flood  control  and  recreation.  Reservoir  capac- 
ity to  spillway  crest  level  would  be  68,200  acre-feei.;  1,200  acre- 
feet  inactive,  40,000  acre-feet  for  supplies  of  water  and  recrea- 
tion, and  27,000  acre-feet  for  flood  control.  It  would  be  formed 
by  an  earth  and  rock  fill  dam  4,500  feet  long  rising  160  feet 
above  the  creek  bed,  and  have  a spillway  around  the  north  end  of 
the  dam  and  gate-controlled  outlet  works  discharging  through  a con- 
duit on  rock  along  the  right  abutment  The  project  would  contribute 
to:  (1)  the  satisfaction  of  the  future  water  supply  needs  of  down- 
stream areas  especially  Palmerton,  Bethlehem,  and  the  Trenton- 
Philadelphia  area;  (2)  the  reduction  in  flood  damages  of  especial 
importance  in  the  nighly  industrialized  Allentown,  Bethlehem  and 
Easton  areas  and  m other  smaller  communities;  and  (3)  the  satis- 
faction of  the  desire  for  nonurban  recreation  facilities  of  the 
surrounding  population.  The  Beltzville  Project  would  be  required 

by  the  year  1965. 

b.  Economic  life.  The  economic  life  of  the  Beltzville 
Project  as  used  in  project  analysis  is  50  years. 

c.  Project  costs.  The  estimated  cost  of  construction 
is  $13,800,000,  excluding  $1,190,000  for  indirectly  related 
recreation;  the  cost  of  operation  and  maintenance  is  $102,000 
annually,  and  the  cost  of  replacement  is  $5,600  annually.  All 
costs  are  computed  on  the  basis  of  1959  price  levels. 

d.  Benefit-cost  ratios.  Benefit-cost  ratios  were  com- 
puted using  total  tangible  benefits  and  total  costs  reflecting 
various  interest  rates  applied  to  Federal  and  non-Federal 
interests  for  50  years  and  100  years.  The  benefit-cost  ratio  of 
the  Beltzville  Project  for  a 50-year  economic  life  is  1.7  and 

for  a 100-year  economic  life  it  is  2.0.  Capital  costs,  operation 
and  maintenance  costs,  replacement  costs,  and  benefits  for  50 
years  and  100  years  are  as  follows: 
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Amur  Liza  Lion  Period 
50  Years  100  Years 


CONSTRUCTION  EXPENDITURES 
ANNUAL  CHARGES 

Interest  and  Amortization 
(including  interest  during 

$13,800,000 

$13,800,000 

construction) 

558.000 

454.000 

Operation  and  Maintenance 

102,000 

102,000 

Major  Replacements 

6.000 

8 000 

Economic  Cost  of  Land 

1 6 . 000 

15,000 

Total  Annual  Charges 
ANNUAL  BENEFITS 

682..  000 

578,000 

Reduction  of  flood  damages 

286.000 

293,000 

Recreation,  directly  related 

174,000 

174,000 

Supplies  of  water 

669,000 

675,000 

Total  Annual  Benefits 

1,130,000 

1,140,000 

BENEFIT-COST  RATIO 

1 7 

2.0 

Notc.s:  Costs  and  benefits  for  indirectly  related  recreation  are  excluded. 

All  amounts  rounded;  totals  may  net  agree  with  sums  of  indi- 
vidual items  due  to  rounding. 

Interest  rate  of  2-5/8%  used  in  determination  cf  annual  costs, 
where  applicable,  and  discounting  of  future  benefits, 

e.  Intangible  project  effects.  Intangible  effects  of  the 

Beltzville  Project  would  include:  a contribution  to  the  prevention 

of  loss  of  life,  which  amounted  to  99  lives  lost  throughout  the  Del- 
aware River  Basin  in  the  August  1955  flood.:  assurance  values  from 
assigning  adequate  flood  control  storage  capacity  at  the  Beltzville 
Project  to  control  717,  of  the  standard  project  flood  to  non-damag- 
ing proportions  so  as  to  avoid  a false  sense  of  security  from  floods 
among  the  residents  in  the  urban  downstream  reaches;  and  the  value 
of  the  provision  for  sufficient  site  development  at  Beltzville  Proj- 
ect to  insv  ; the  realization  of  optimum  recreation  benefits.  Ad- 
verse effects  resulting  from  the  Beltzville  Project  essentially 
would  be  a consequence  of  the  damage,  expected  to  fish  and  wildlife 
resources  in  the  project  area.  There  is  presented  in  appendix  J to 
this  report  the  acres  of  land  and  mile.,  of  stream  tha':  would  be  re- 
quired to  replace  these  resources  in  ind.  N monetary  equivalent 
for  means  of  recovering  sue.'’  damages  pre  ..cited 

f.  Physical  feasibility  anu . oi  providing  for  future 

needs . The  Beltzville  Project  has  be.  :. .emulated  to  contribute  to 
the  satisfaction  of  current  and  future  need-  lor  reduction  of  flood 
damages,  recreation,  and  supplies  of  water  over  the  economic  life 
of  the  project.  No  provision  has  beer,  made  for  later  or  phased 
construction  at  the  Beltzvil le  Projec  to  satisfy  known  additional 
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future  requirements  in  the  area  served  by  the  project  since  it  was 
found  uneconomic  to  do  so.  System  analyses  for  the  four  recommended 
major  water  control  projects  in  the  Lehigh  River  Basin;  namely 
Beltzville,  Trexler,  Aquashicola,  and  Bear  Creek,  indicated  that  the 
satisfaction  of  additional  and  future  requirements  would  be  more 
economically  achieved  through  the  orderly  development  of  the  Trexler, 
Aquashicola  and  Bear  Creek  Projects,  as  recommended  herein,  than 
through  the  extension  of  the  scale  of  development  or  phased  con- 
struction of  the  Beltzville  Project. 

g.  Allocation  of  costs.  Allocation  of  costs  were  com- 
puted by  (1 i the  separable  costs-remaining  benefits  method,  (2) 
the  priority  of  use  method,  and  (3)  the  incremental  cost  method  on 
two  time  periods  for  amortization,  50  years  and  100  years.  The  cost 
allocation  data  are  shown  in  table  AA-1.  In  the  incremental  cost 
method  of  allocation,  supply  of  water  was  considered  the  basic 
function  because  the  scheduled  date  for  development  of  the  project 
is  based  on  the  anticipated  need  for  supplies  of  water. 

h.  Extent  of  interest  in  project.  In  order  to  take  into 
account  the  desires  and  views  of  Federal  Agencies,  affected  states 
and  municipalities,  during  the  survey  and  the  preparation  of  the 
survey  report,  the  District  Engineer  formally  established  the 
Delaware  Basin  Survey  Coordinating  Committee.  This  Committee  was 
comprised  of  representatives  of  the  States  of  Pennsylvania,  New  York, 
New  Jersey,  and  Delaware;  of  the  cities  of  Philadelphia  and  New  York; 
and  of  the  various  Federal  agencies  concerned  with  water  resources. 
Ten  meetings  of  the  Committee,  which  were  open  to  the  public,  were 
held  at  about  four-month  intervals  from  April  1957  to  March  1960  at 
various  points  throughout  the  Delaware  River  Basin  and  service  area. 
Federal  agencies,  states  and  municipalities  were  informed  at  these 
various  meetings  as  to  the  progress  of  the  study  and  given  the  op- 
portunity to  review  and  coinmenL  on  the  features  of  the  comprehen- 
sive plan.  Also,  a formal  review  procedure  assured  each  member  of 
the  Coordinating  Committee  ample  time  to  comment  on  the  major 
features  of  the  studies  as  they  were  reported  on  in  the  24  appen- 
dices to  the  report.  At  the  conclusion  of  the  studies  four  public 
hearings  were  held  in  the  basin  to  advise  local  interests  of  the 
findings  of  the  study  and  afford  them  opportunities  to  express 
their  views.  It  is  believed  that  these  interests  are  in  general 
agreement  with  the  plan  presented.  Under  the  review  procedures 
prescribed  for  this  survey  report,  local  interests  will  have  addi- 
tional opportunity  for  comment  on  the  features  of  the  plan  and 

cost  sharing  arrangements.  Federal  participation  in  this  project 
has  been  estimated  at  $6,280,000  for  construction  expenditures  and 
$74,000  annually  for  operation,  maintenance  and  replacement  costs 
during  the  period  of  deferred  u.-e  of  future  water  supplies  and 
$59,000  annually  after  use  of  the  future  water  supplies  is  initiated. 

i.  Repayment  schedules  for  reimbursable  costs.  The  re- 
imbursable cost  for  the  Beltzville  Project  includes  a construction 
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expenditure  of  $7,540,000  for  supplies  of  water  Alternative  re- 
payment schedules  ■’cceptable  to  the  Federal  government  for  lIk-  re- 
covery of  this  cos  are  shown  below: 

1/ 

1/  Deferred 


Construction 

Lump 

Annua  1 

Deferred 

Annual 

Function 

Supplies  of 
Water- 

Expenditures 

($7,540,000 

rounded) 

Sum 

Payment 

Lump  Sum 

Payment 

Current 

Supply 

Deferred 

3.393,000 

$3,393,000 

$128,000 

N.  A. 

Nv  A. 

2/ 

Supply 

4,144,000 

4, 144,000 

156,000 

$4,144,000 

$156,000 

17  Assumes 

Federal  financing  of  such 

costs  at 

2 - 5 /87o , a nd 

amor tiza- 

tion  period  50  years. 

2_/  Initiation  of  use  of  deferred  supply  within  ten-year  interest  free 
period . 

N.A.  = not  applicable. 

In  addition,  non-Federal  interests  would  be  required  to  contribute 
$34,000  for  the  annual  cost  of  operation,  maintenance,  and  replace- 
ment during  the  period  of  deferred  use  of  future  water  supplies  and 
$48,000  annually  after  use  of  the  future  water  supplies  is  initiated. 

j.  Effect  of  project  on  state  and  local  governments.  There 
are  no  major  changes  expected  in  the  cost  of  state  and  local  govern- 
ment services  as  a result  of  the  Beltzville  Project.  Any  increased 
costs  of  state  and  local  services  associated  with  the  project  have 
been  taken  into  account  in  the  estimate  of  annual  operation  and  main- 
tenance costs  for  the  project.  While  there  may  be  reductions  in  the 
revenues  resulting  from  Federal  acquisition  of  lands  in  the  Beltzville 
Project  area,  it  is  expected  that  such  reductions  will  be  more  than 
compensated  for  through  increased  activity,  directly  and  indirectly 
associated  with  the  multiple-purpose  development  features  of  the 
Beltzville  Project. 
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5 . BLUE  MARSH  PROTECT 

a Description  The  Blue  Marsh  Project  site  is  located 
on  Tulpehocken  Creek  about  1-1/2  miles  upstream  from  its  confluence 
with  Plum  Creek  and  about  6 miles  northwest  of  Reading  Pennsylvania. 

The  proposed  project  would  be  a multiple-p  rpose  development  to  pro- 
vide supplies  of  water,  flood  control  and  recreation  Reservoir 
capacity  to  spillway  crest  level  would  be  49,000  acre-feet;  1.500 
acre-feet  inactive,  14,500  acre-feet  for  supplies  of  water  and  recre- 
ation, and  33, 0C"  acre-feet  for  flood  control.  It  would  be  formed 
by  an  earth  and  rock  fill  dam  1.100  feet  long  and  rising  90  feet 
above  the  cr  ek  bed,  and  have  a spillway  about  1,000  feet  south  of 
the  dam  and  gate-controlled  outlet  works  discharging  through  a con- 
duit on  rock  along  the  right  abutment.  The  project  would  contribute 
to;  (1)  the  satisfaction  of  the  future  water  supply  needs  of  down- 
stream areas  especially  the  Reading-Pottstown  and  Philadelphia  areas; 

(2)  the  reduction  in  flood  damages  of  especial  importance  to  such 
damage  centers  as  Reading,  Pottstown.  Norristown,  and  Philadelphia; 
and  (3)  the  satisfaction  of  the  desire  for  nonurban  recreation  facil- 
ities of  the  surrounding  population.  The  Blue  Marsh  Project  would 
be  required  by  the  year  1969. 

b.  Economic  life.  The  economic  life  of  the  Blue  Marsh 
Project  as  used  in  project  analysis  is  50  years. 

c.  Project  costs.  The  estimated  cost  of  construction  is 
$12,500,000  excluding  $3,290000  for  indirectly  related  recreation; 
the  cost  of  operation  and  maintenance  is  $106,000  annually;  and  the 
cost  of  major  replacement  is  $5,000  annually  All  costs  are  com- 
puted on  the  basis  of  1959  price  levels. 

d.  Benefit-cost  ratios.  Benefit-cost  ratios  were  com- 
puted using  total  tangible  benefits  and  total  costs  reflecting 
various  interest  rates  applied  to  Federal  and  non-Federal  interest 
for  50  years  and  100  years.  The  benefit-cost  ratio  of  the  Blue  Marsh 
Project  for  50 -year  economic  life  is  1.6  and  fer  100-year  economic 
life  it  is  2.0.  Capital  costs  operation  and  maintenance  costs,  re- 
placement costs,  and  benefits  for  50  years  and  100  years  are  as  follows: 


Amor  L iza  t ion  Period 


CONSTRUCTION  EXPENDITURES 
ANNUAL  CHARGES 

Interest  and  Amortization 
(including  interest  during 
construe  t ion 

Operation  and  Maintenance 
Major  Replacements 
Economic  Cos:  of  Land 
Total  Annual  Charges 
ANNUAL  BENEFITS 

Reduction  of  Flood  Damages 
Recreation,  directly  related 
Supplies  of  water 

Total  Annual  Benefits 


50  Years  LOO  Years 

$12,500,000  $12,500,000 


483.000 

106.000 

5,000 

48,000 

642.000 

301.000 

217. 000 

530.000 

1,050,000 


336.000 

106.000 
7,000 

45,000 

544.000 

316.000 

217.000 

539.000 
1,070,000 


BENEFIT-COST  RATIO 


1.6 


2.0 


Notes:  Costs  and  benefits  for  indirectly  related  recreation  are  ex- 

cluded , 

All  amounts  rounded;  totals  may  not  agree  with  sums  of  indi- 
vidual items  due  to  rounding. 

Interest  rate  of  2-5/87..  used  in  determination  of  annual  costs 
where  applicable,  and  discounting  of  future  benefits. 

e.  Intangible  project  effects.  Intangible  effects  of  the 

Blue  Marsh  Project  would  include:  a contribution  to  the  prevention 

of  loss  of  life,  which  amounted  to  99  lives  lost  throughout  the 
Delaware  River  Basin  in  the  August  1955  flood;  assurance  values  from 
assigning  adequate  short-term  storage  capacity  at  the  Blue  Marsh 
Project  to  control  627,  of  the  standard  project  flood  to  non-damaging 
proportions  so  as  to  avoid  a false  sense  of  security  from  floods 
among  the  residents  in  the  urban  downstream  reaches;  and  the  value 
of  the  provision  for  sufficient  site  development  at  the  Blue  Marsh 
Project  to  insure  the  realization  of  optimum  recreation  benefits. 
Adverse  effects  resulting  from  the  Blue  Marsh  Project  essentially 
would  be  a consequence  of  the  damages  expected  t.o  fish  and  wild- 
life resources  in  the  project  area.  There  is  presented  in  appendix 
J to  this  report  the  acres  of  land  and  miles  of  stream  that  would 

be  required  to  replace  these  resources  in  kind  for  a similar  project, 
designated  as  Bernville,  considered  in  the  vicinity.  No  monetary 
equivalent  for  means  of  recovering  such  damages  is  presented. 

f . Physical  feasibility  and  cost  of  providing  for  future 
needs . The  Blue  Marsh  Project  has  been  formulated  to  contribute  to 
the  satisfaction  of  currect  and  future  needs  for  reduction  of  flood 
damages,  recreation,  and  supplies  of  water  over  the  economic  life 

of  the  project.  No  provision  has  been  made  for  later  or  phased  con- 


struetion  at  the  Blue  Marsh  Projects  to  .satisfy  known  additional 
future  requirements  in  the  area  served  by  the  project  since  it  was 
found  uneconomic  to  do  so.  Analysis  of  Lhe  water  control  require- 
ments in  the  Schuylkill  River  Basin  indicated  that  the  satisfaction 
ot  additional  or  future  requirements  would  be  more  economically 
achieved  through  the  later  development  of  the  Maiden  Creek  Project, 
as  recommended  herein,  than  through  the  extension  of  the  scale  of 
development  or  phased  construction  of  the  Blue  Marsh  Project. 

g.  A 1 I "C- . i oils  II ) cos  t s . Allocation  of  costs  were  com- 
puted by  (1)  the  sparable  costs-remaining  benefits  method;  (2) 
the  priority  oi  use  method;  and  (3)  Lhe  incremental  cost  method  on 
two  time  peri.'  is  for  amortization,  50  years  and  100  years.  The 
cost  allocation  data  are  shown  in  table  AA-2.  In  the  incremental 
cost  method  of  allocation,  supply  of  water  was  considered  the  basic 
function  because  the  scheduled  date  for  development  of  the  project 
is  based  on  the  anticipated  need  for  supplies  of  water. 

h.  Extent  of  interest  in  project.  In  order  to  take  into 
account  the  desires  and  views  of  Federal  agencies,  affected  states 
and  municipalities,  during  the  survey  and  the  preparation  of  the 
survey  report,  the  District  Engineer  formally  established  the 
Delaware  Basin  Survey  Coordinating  Committee.  This  Committee  was 
comprised  of  representatives  of  the  States  of  Pennsylvania,  New  York, 
New  Jersey,  and  Delaware;  of  the  cities  of  Philadelphia  and  New  York; 
and  of  the  various  Federal  agencies  concerned  with  water  resources. 
Ten  meetings  of  the  Committee,  which  were  open  to  the  public,  were 
held  at  about  four-month  intervals  from  April  1957  to  March  1960  at 
various  points  throughout  the  Delaware  River  Basin  and  service  area. 
Federal  agencies,  states  and  municipalities  were  informed  at  these 
various  meetings  as  to  the  progress  of  the  study  and  given  the  op- 
portunity to  review  and  comment  on  the  features  of  the  comprehensive 
plan.  Also,  a formal  review  procedure  assured  each  member  of  the  Co- 
ordinating Committee  ample  time  to  comment  on  the  major  features  of 
the  studies  as  they  were  reported  on  in  the  24  appendices  to  the  re- 
port. At  the  conclusion  of  the  studies  four  public  hearings  were 
held  in  the  basin  to  advise  local  interests  of  the  findings  of  the 
study  and  afford  them  opportunities  to  express  their  views.  It  is 
believed  that  these  interests  are  in  general  agreement  with  the 

plan  presented.  Under  the  review  procedures  prescribed  for  this 
survey  report,  local  interests  will  have  additional  opportunity  for 
comment  on  the  features  of  the  plan  and  cost  sharing  arrangements. 
Federal  participation  in  this  project  has  been  estimated  at 
$7,100,000  for  construction  expenditures  and  $85,000  annually  for 
operation,  maintenance  and  replacement  costs  during  t he  period  of 
deferred  use  of  future  water  supplies,  and  $72,000  annually  after 
use  of  the  future  water  supplies  is  initiated. 

j . Repuv.cn  i schedules  for  reimbursable  costs.  The  re- 

imbursable cost  for  the  Blue  Marsh  Project  would  include  a con- 
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Interest  rate  of  2^7.  used  in  determination  of  annual  costs  and  in  discounting  of  future  benefits. 


struction  cost  of  $5,410,000  for  supplies  of  water.  Alternative 
repayment  schedules  acceptable  to  the  Federal  government  for  re- 


covery of  th 

is  cost  are  shown  below: 

1/ 

1/ 

Deferred 

Construction 

Lump 

Annual 

De  ferred 

Annual 

Func  t ion 

Expend i tures 

Sum 

Payment 

Lump  Sum 

Payment 

Supplies  of 
Water: 

($5,410,000 

rounded) 

Current 

Supply 

1,657,000 

$1,657,000 

$62,000 

N.  A. 

N.  A. 

Deferred 

2/ 

Supp ly 

3.751,800 

3,752,000 

139,000 

$3,752,000 

$139,000 

_1/  Assumes 

Federal  financing  of  such 

costs  at  2 

-5/8%,  and  amortization 

period  50  years. 

2 J Initiation  of  use  of  deferred  supply  within  ten-year  interest  free 
period . 

N.  A.  - not  applicable. 

In  addition,  non-Federal  interests  would  be  required  to  contribute 
$26,000  annually  for  the  cost  of  operation,  maintenance  and  replace- 
ment during  the  period  of  deferred  use  of  future  water  supplies  and 
$38,000  annually  after  use  of  the  future  water  supplies  is  initiated. 

j.  Effect  of  project  on  state  and  local  governments.  There 
are  no  major  changes  expected  in  the  cost  of  state  and  lpcal  govern- 
ment services  as  a result  of  the  Blue  Marsh  Project.  Any  increased 
costs  of  state  and  local  services  associated  with  the  project  have 
been  taken  into  account  in  the  estimate  of  annual  operation  and 
maintenance  costs  for  the  project.  While  there  may  be  reductions 
in  the  tax  revenues  resulting  from  Federal  acquisition  of  lands  in 
the  Blue  Marsh  Project  area,  it  is  expected  that  such  reductions 
will  be  more  than  compensated  for  through  increased  activity, 
directly  and  indirectly  associated  with  the  multiple-purpose  de- 
velopment features  of  the  Blue  Marsh  Project. 
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6.  TREXLER  PROJECT 

a.  Description.  The  Trexler  Project  site  is  located  on 
Jordan  Creek  about  1/2  mile  downstream  from  its  confluence  with 
Mill  Creek  and  8 miles  northwest  of  Allentown  Pennsylvania  The 
proposed  project  would  be  a multiple-purpose  development  to  pro- 
vide supplies  of  water,  flood  control  and  recreation.  Reservoir 
capacity  to  spillway  crest  level  would  be  39,000  acre-feet;  800 
acre-feet  inactive,  24.200  acre-feet  for  supplies  of  water  and 
recreation,  and  14.00J  acre- feet  for  flocd  control  It  would  be 
formed  by  a concrete  gravity  type  dam  800  feet  long  and  rising 
120  feet  above  the  creek  bed.  and  have  a spillway  in  the  stream 
channel  and  gate-controlled  outlet  works  discharging  through 
sluices  in  the  spillway  section  The  project  would  contribute  to: 
(1)  the  satisfaction  of  the  future  water  supply  needs  of  downstream 
areas  especially  the  Al lentown-Bethiehem  and  Trenton-Philadelphia 
areas;  (2)  the  reduction  in  flood  damages  of  especial  importance  in 
the  highly  industrialized  Allentown.  Bethlehem  and  Easton  areas; 
and  (3)  the  satisfaction  of  the  desire  for  nonurban  recreation  fa- 
cilities of  the  surrounding  population.  The  Trexler  Project  would 
be  required  by  the  year  1972 

b.  Economic  life,  The  economic  life  of  the  Trexler  Proj- 
ect as  used  in  project  analysis  is  50  years, 

c.  Project  costs.  The  estimated  cost  of  construction  is 
$10,100,000,  excluding  $1,140,000  for  indirectly  related  recreation; 
the  cost  of  operation  and  maintenance  is  $101,000  annually;  and  the 
cost  of  major  replacement  is  $3,000  annually.  All  costs  are  com- 
puted on  the  basis  of  1959  price  levels. 

d.  Benefit-cost  ratios.  Benefit-cost  ratios  were  com- 
puted using  total  tangible  benefits  and  total  costs  reflecting 
various  interest  rates  applied  to  Federal  and  ncn-Federal  interests 
for  50  years  and  100  years.  The  benefit-cost  ratio  of  the  Trexler 
Project  for  50-year  economic  life  is  1.5  and  for  100-year  economic 
life  it  is  1,3  Capital  costs,  operation  and  maintenance  costs,  re- 
placement costs,  ana  benefits  for  50  years  and  100  years  are  as 
follows: 


Amortization  Period 

50  Years 

100  Years 

CONSTRUCTION  EXPENDITURES 
ANNUAL  CHARGES 

$10,100,000 

$10; 100,000 

Interest  and  Amortization 
(including  interest  during 

construction) 

404  000 

330,000 

Operation  and  Maintenance 

101,000 

101,000 

Major  Replacements 

3,000 

4,000 

Economic  Cost  of  Land 

44,000 

40,000 

Total  Annual  Charges 

552,000 

475,000 

ANNUAL  BENEFITS 

Reduction  of  Flood  Damages 

114,000 

116,000 

Recreation,  directly  related 

281.000 

281,000 

Supplies  of  Water 

463,000 

466,000 

Total  Annual  Benefits 

858,000 

864.000 

BENEFIT- COST  RATIO 

1.6 

1.8 

Notes : 


Costs  and  benefits  for  indirectly  related  recreation  are 
excluded , 

All  amounts  rounded;  totals  may  not  agree  with  sums  of  in- 
dividual items  due  to  rounding. 

Interest  rate  of  2-5/3 % used  in  determination  of  annual 
costs,  where  applicable,  and  rn  discounting  of  future 
benefits . 


e.  Intangible  project  effects.  Intangible  project 
effects  of  the  Trexler  Project  would  include:  a contribution  to 
the  prevention  of  loss  of  life,  which  amounted  to  99  lives  lost 
throughout  the  Delaware  River  basin  in  the  August  1955  flood; 
assurance  values  from  assigning  adequate  flood  control  storage 
capacity  at  the  Trexler  Project  to  control  71%  of  the  standard 
project  flood  to  non-damaging  proportions  so  as  to  avoid  a false 
sense  of  security  from  floods  amcr.g  the  residents  in  the  urban 
downstream  reaches;  and  the  value  of  the  provision  for  sufficient 
site  development  at  the  Trexler  Project  to  insure  the  realization 
of  optimum  recreation  benefits.  Adverse  effects  resulting  from 
the  Trexler  Project  would  essentially  be  a consequence  of  the 
damages  expected  to  wildlife  resources  in  the  project  area.  There 
is  presented  in  appendix  J to  this  report  the  acres  of  land  that 
would  be  required  to  replace  these  resources  in  kind.  No  monetary 
equivalent  for  means  of  recovering  such  damages  is  presented. 

f , Physical  feasibility  and  cost  of  providing  for 
future  needs  The  Trexler  Project  has  been  formulated  to  con- 
tribute to  the  satisfaction  of  current  and  future  needs  for  re- 
duction of  flood  damages,  recreation,  and  supplies  of  water  over 
the  economic  life  of  the  project.  No  provision  has  been  made  for 
later  or  phased  construction  at  the  Trexler  Project  to  satisfy 
known  additional  future  requirements  in  the  area  served  by  the 


w 


AA-13 


project  since  it  was  found  uneconomic  to  do  so.  System  analyses  for 
the  four  recommended  major  water  control  projects  in  the  Lehigh  River 
Basin,  namely,  Beltzville,  Trexler,  Aquashicola  and  Bear  Creek,  indi- 
cated that  the  satisfaction  of  additional  and  future  requirer  *nts 
would  be  more  economically  achieved  through  the  orderly  development 
of  the  Beltzville,  Aquashicola  and  Bear  Creek  Projects,  as  recommended 
herein,  than  through  the  extension  of  the  scale  of  development  or 
phased  construction  of  the  Trexler  project. 

g.  Allocation  of  costs.  Allocation  of  costs  were  computed 
by  (1)  the  separable  costs-remaining  benefits  method;  (2)  the  priority 
of  use  method;  and  (3)  the  incremental  cost  method  on  two  time  periods 
for  amortization,  50  years  and  100  years.  The  cost  allocation  data 
are  shown  in  table  AA-3.  In  the  incremental  cost  method  of  allocation, 
supply  of  water  was  considered  the  basic  function  because  the  scheduled 
date  for  development  of  the  project  is  based  on  the  anticipated  need 
for  supplies  of  water. 

h.  Extent  of  interest  in  project.  In  order  to  take  into 
account  the  desires  and  views  of  Federal  agencies,  affected  states 
and  municipalities,  during  the  survey  and  the  preparation  of  the  sur- 
vey report,  the  District  Engineer  formally  established  the  Delaware 
Basin  Survey  Coordinating  Committee.  This  Committee  was  comprised  of 
representatives  of  the  States  of  Pennsylvania,  N^w  York,  New  Jersey, 
and  Delaware;  of  the  cities  of  Philadelphia  and  New  York;  and  of  the 
various  Federal  agencies  concerned  with  water  resources.  Ten  meetings 
of  the  Committee,  which  were  open  to  the  public,  were  held  at  about 
four  month  intervals  from  April  1957  to  March  1960,  at  various  points 
throughout  the  Delaware  River  Basin  and  service  area.  Federal  agen- 
cies, states  and  municipalities  were  informed  at  these  various  meet- 
ings as  to  the  progress  of  the  study  and  given  the  opportunity  to  re- 
view and  comment  on  the  features  of  the  comprehensive  plan.  Also,  a 
formal  review  procedure  assured  each  member  of  the  Coordinating  Com- 
mittee ample  time  to  comment  on  the  major  features  of  the  studies  as 
they  were  reported  on  in  the  24  appendices  to  the  report.  At  the  con- 
clusion of  the  studies  four  public  hearings  were  held  in  the  basin  to 
advise  local  interests  of  the  findings  of  the  study  and  afford  them 
opportunities  to  express  their  views.  It  is  believed  that  these 
interests  are  in  general  agreement  with  the  plan  presented.  Under  the 
review  procedures  prescribed  for  this  survey  report,  local  interests 
will  have  additional  opportunity  for  comment  on  the  features  of  the 
plan  and  cost  sharing  arrangements.  Federal  participation  in  this 
project  has  been  estimated  at  $4,300,000  for  construction  expenditures 
and  $69,000  annually  for  operation,  maintenance  and  replacement  costs 
during  the  period  of  deferred  use  of  future  water  supplies,  and  $57,000 
annually  after  use  of  future  water  supplies  is  initiated. 

i.  Repayment  schedules  for  reimbursable  costs.  The  reim- 
bursable cost  for  the  Trexler  Project  would  include  a construction  ex- 
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NOTE:  Interest  rate  of  used  in  determination  of  annual  costs  and  in  discounting  of  future  benefits. 


r 


penditure 

of  $5,770,000  for  supplies 

of  water. 

Alternative 

repayment 

, schedules 

acceptable  to  the  Federal  ] 

government 

for  the  recovery  of 

this  cost 

are  shown  below: 

1/ 

De ferred 

Construction 

Annua 1 

Deferred 

Annual 

Function 

Expenditures  Lump  Sum 

Payment 

Lump  Sum 

Payment 

Supplies  of 

Water 

($5,770,000 

rounded) 

Current 

Supp ly 

2,747,000  $2,747,000 

$102,000 

N.  A. 

N.  A. 

Deferred 

2/ 

Supply 

3,019,000  3,019,000 

112,000 

$3,019,000 

$112,000 

J J Assumes 

Federal  financing  of  such 

costs  at  2 

-5/8%, 

amortization  period  50  years. 

2/  Initiation  of  use  of  deferred  supply  within 

ten-year 

interest  free  period. 

N.  A.  = not  applicable. 

In  addition,  non-Federal  interests  would  be  required  to  contribute 
$35,000  annually  for  the  cost  of  operation,  maintenance  and  replace- 
ment during  the  period  of  deferred  use  of  future  water  supplies  and 
$47,000  annually  after  use  of  the  future  water  supplies  is  initiated 

j.  Effect  of  project  on  state  and  local  governments.  There 
are  no  major  changes  expected  in  the  cost  of  state  and  local  govern- 
ment services  as  a result  of  the  Trexler  Project.  Any  increased 
costs  of  state  and  local  services  associated  with  the  project  have 
been  taken  into  account  in  the  estimate  of  annual  operation  and  main- 
tenance costs  for  the  project.  While  there  may  be  reductions  in  the 
tax  revenues  resulting  from  Federal  acquisition  of  lands  in  the 
Trexler  Project  area,  it  is  expected  that  such  reduction  would  be 
more  than  compensated  for  through  increased  activity,  directly  and 
indirectly  associated  with  the  multiple-purpose  development  features 
of  the  Trexler  Project. 
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7.  PROMPTON  PROJECT. 

a.  Description.  The  Prompton  Project  is  a modification 

of  the  single-purpose  flood  control  project,  now  under  construction, 
which  is  located  on  Lackawaxen  River  about  1/2  mile  upstream  from 
its  confluence  with  Waymart  Branch  and  about  4 miles  west  of 
Honesdale,  Pennsylvania.  The  proposed  project  would  be  a multiple- 
purpose  development  to  provide  for  supplies  of  water  and  recreation 
in  addition  to  the  present  flood  control  purpose.  Reservoir  ca- 
pacity to  spillway  crest  level  would  be  51,700  acre- feet;  3,400 
acre-feet  inactive,  28,000  acre-feet  for  supplies  of  water  and 
recreation,  and  20,300  acre- feet  for  flood  control.  The  proposed 
modification  would  require  construction  of  a control  tower  with 
gates  and  service  bridge,  placing  an  impervious  blanket  on  the 
valley  walls  and  floor  upstream  from  the  dam,  widening  of  the  spill- 
way, and  clearing  land  and  relocating  roads  in  the  reservoir.  The 
dam  presently  under  construction,  which  would  not  be  nodified,  will 
be  1,300  feet  long  and  rise  140  feet  above  the  river  bed.  The 
existing  spillway  which  is  cut  into  the  rock  of  the  right  abutment, 
will  be  modified  and  the  present  uncontrolled  outlet  works,  dis- 
charging into  a concrete  conduit  along  the  right  bank,  will  be  pro- 
vided with  gates  and  a control  tower.  The  modified  project  would  con- 
tribute to:  (1)  the  future  water  supply  needs  of  the  Trenton- 

Philadelphia  area;  (2)  the  reduction  in  flood  damages  in  the  downstream 
areas  of  especial  importance  to  Honesdale,  Hawley,  and  the  lower  reaches 
of  Lackawaxen  River;  and  (3)  the  satisfaction  of  the  desire  for  nonurban 
recreation  facilities  of  the  surrounding  population.  The  Prompton 
Project  would  be  required  by  the  year  1974. 

b.  Economic  life.  The  economic  life  of  the  Prompton  Project 
from  the  time  modifications  are  completed  and  including  features  of 
the  existing  project  as  used  in  project  analysis  is  50  years. 

c.  Project  costs.  The  estimated  cost  of  construction,  ex- 
cluding $387,000  for  indirectly  related  recreation,  is  $8,050,000  which 
is  made  up  of  $3,700,000  estimated  as  the  cost  oi  the  flood  control 
project  now  under  construction  and  $4,350,000  estimated  as  the  cost  for 
the  modifications  for  multiple-purpose  development.  The  total  new  con- 
struction expenditures  required,  including  $620,000  for  rehabilitation 
of  the  existing  project  would  be  $4,970,000.  The  estimated  annual  opera- 
tion and  maintenance  cost  is  $82,000,  and  the  major  replacement  cost  is 
estimated  at  $2,000  annually.  All  costs  are  computed  on  the  basis  of 
1959  price  levels. 


d.  Benefit-cost  ratios.  Benefit-cost  ratios  were  computed 
using  total  tangible  benefits  and  total  costs  reflecting  various  inter- 
est rates  applied  to  Federal  and  non-Federal  interests  for  50  years 
and  100  years.  The  economic  justification  for  the  Prompton  Project  was 
based  on  the  premise  that  the  modification  constituted  a second  stage 
of  development  and  rehabilitation  to  provide  feasible  comprehensive 
development  with  a 50-year  life  expectancy.  The  benefit-cost  ratio  of 
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the  Prompton  Project  for  a 50-vaar  economic  life  is  1.4  and  for  a 
100->ear  economic  life  i'.  is  1.0  Capital  costs,  operation  and 
maintenance  costs,  replacement  costs,  and  benefits  for  50  years 
and  100  years  are  as  follows. 


NEW  CONSTRUCTION  EXPENDITURES 
ANM.AL  CHARGES 

Interest  and  Amortization 
(including  interest  during 
construction) 

Operation  u Maintenance 
Major  Replacements 
Economic  Cost  of  Land 
Total  Annual  Charges 


$ 


Amortization 
50  Years 


Period 
100  Years 


4,970,000  $ 4,970,000 


239.000 
82,000 

2,000 

26 , 0C0 

348.000 


197.000 
82,000 

2,000 

24,000 

305.000 


ANNUAL  BENEFITS 

Reduction  of  Flood  Damages 

Recreation 

Supplies  of  Water 

Total  Annual  Benefits 


49 , 000 

130.000 
307,003 

486.000 


49,000 

130.000 

307.000 

486.000 


BENEFIT -COST  RATIO  1.4  1.6 


Notes:  Costs  and  oenefits  for  indirectly  related  recreation  are 

excluded . 

All  amounts  rounded;  totals  may  not  agree  with  sums  cf 
individual  items  due  to  rounding. 

Interest  rate  of  2-5/87»  used  in  determination  of  annual 
costs,  where  applicable,  and  discounting  of  future  benefits. 

e.  Intangible  project  effects.  Intangible  project  effects 
of  the  Prompton  Project  would  include:  a contribution  to  the  preven- 

tion of  loss  of  life,  which  amounted  to  99  lives  lost  throughout  the 
Delaware  River  Basin  in  the  August  1955  flood;  assurance  values  from 
assigning  adequate  flood  control  storage  capacity  at  the  Prompton 
Project  to  control  69%  of  the  standard  project  flood  to  non-damaging 
proportions  so  as  to  avoid  a false  sense  of  security  from  floods 
among  the  residents  in  the  urban  downstream  reaches;  and  the  value 
of  the  prevision  for  sufficient  site  development  at  the  Prompton 
Project  to  insure  the  realization  of  optimum  recreation  benefits. 
Adverse  effects  resulting  from  the  Prompton  Project  essentially 
would  be  a consequence  of  the  damages  expected  to  fish  and  wildlife 
resources  in  the  project  area.  There  is  presented  in  appendix  J to 
this  report  a discussion  of  how  such  damages  attributable  to  other 
projects  in  the  plan  of  development  might  be  mitigated.  No  monetary 
equivalent  for  means  of  recovering  such  damages  is  presented. 
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f . Physical  feasibility  and  cost  of  providing  for  future 
needs . The  Prompton  Project  has  been  formulated  to  contribute  to 
the  satisfaction  of  current  and  future  needs  for  reduction  of  flood 
damages,  recreation,  and  supplies  of  water  over  the  economic  life 

of  the  project.  No  provision  has  been  made  for  further  modification 
at  the  Prompton  Project  to  satisfy  known  additional  future  require- 
ments in  the  area  served  by  this  project  since  it  was  found  uneco- 
nomic to  do  so.  Given  the  magnitude  of  future  water  control  re- 
quirements, it  was  determined  that  the  satisfaction  of  such  needs 
would  be  more  economically  achieved  through  the  orderly  development 
of  the  remaining  major  control  projects  scheduled  for  development 
after  completion  of  modifications  at  Prompton,  as  recommended  here- 
in, than  through  additional  modifications  of  the  scale  of  develop- 
ment of  the  Prompton  Project. 

g.  Allocation  of  costs.  Allocation  of  costs  were  com- 
puted by  (1)  the  separable  costs-remaining  benefits  method,  (2) 
the  priority  of  use  method,  and  (3)  the  incremental  cost  method  on 
two  time  periods  for  amortization,  50  years  and  100  years.  The 
cost  allocation  data  are  shown  in  table  AA-4.  In  the  incremental 
cost  method  of  allocation,  supply  of  water  was  considered  the 
basic  function  because  the  scheduled  date  for  modification  of  the 
existing  project  is  based  on  the  anticipated  need  for  supplies  of 
water . 

h.  Extent  of  interest  in  project.  In  order  to  take  into 
account  the  desires  and  views  of  Federal  agencies,  affected  states 
and  municipalities,  during  the  survey  and  the  preparation  of  the 
survey  report,  the  District  Engineer  formally  established  the 
Delaware  Basin  Survey  Coordinating  Committee.  This  Committee  was 
comprised  of  representatives  of  the  States  of  Pennsylvania,  New 
York,  New  Jersey,  and  Delaware;  of  the  cities  of  Philadelphia  and 
New  York;  and  of  the  various  Federal  agencies  concerned  with  water 
resources.  Ten  meetings  of  the  Committee,  which  were  open  to  the 
public,  were  held  at  about  four -month  intervals  from  April  1957 

to  March  1960  at  various  points  throughout  the  Delaware  River  Basin 
and  service  area.  Federal  agencies,  states  and  municipalities  were 
informed  at  these  various  meetings  as  to  the  progress  of  the  study 
and  given  the  opportunity  to  review  and  comment  on  the  features  of 
the  comprehensive  plan.  Also,  a formal  review  procedure  assured 
each  member  of  the  Coordinating  .Committee  ample  time  to  comment  on 
the  major  features  of  the  studies  as  they  were  reported  on  in  the 
24  appendices  to  the  report.  At  the  conclusion  of  the  studies  four 
public  hearings  were  held  in  the  basin  to  advise  local  interests  of 
the  findings  of  the  study  and  afford  them  opportunities  to  express 
their  views.  It  is  believed  that  these  interests  are  in  general 
agreement  with  the  plan  presented.  Under  the  review  procedures  pre- 
scribed for  this  survey  report  local  interests  will  have  additional 
opportunity  for  comment  on  the  features  of  the  plan  and  cost  sharing 
arrangements.  Federal  participation  in  this  project  has  been  esti- 
mated at  $ 463,000  for  new  construction  expenditures  and  $45,000 
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annually  for  operation,  maintenance  and  replacement  costs  during  the 
period  of  deferred  use  of  future  water  supplies  and  a total  of  $29,000 
annually  after  use  of  the  future  water  supplies  is  initiated. 

i.  Repayment  schedules  for  reimbursable  costs.  The  reim- 
bursable cost  for  the  Prompton  Project  would  include  a construction 
cost  of  $4,500,000  for  supplies  of  water.  Alternate  repayment  sched- 
ules acceptable  to  the  Federal  government  for  the  recovery  of  this 
cost  are  shown  below:  1/ 


Function 
Supplies  of 
Water 

Current 

Supply 

Deferred 

Supply 


Lump  Sum 


1/ 

Annua  1 
Payment 


Construction 

Expenditure 

$4,500,000 

(rounded) 


2,039,000  $2,089,000  $78,000 


Deferred 

Deferred  Annual 
Lump  Sum  P avru e n t 


N.  A. 


N.  A. 


2,414,000  2,414,000  90,000  $2,414,000  $90,000 


1/  Assumes  Federal  financing  of  such  costs  at  2-5/8%,  amortization 
period  50  years, 

2/  Initiation  of  use  of  deferred  supply  within  ten-year  interest 
free  period. 

N.  A.  - not  applicable. 


In  addition.  non-Federal  inter 
$38,000  annually  for  the  cost 
ment  during  the  period  of  defe 
$54,000  annually  after  use  of 
j . Effect  of  project 
are  no  major  changes  expected 
ment  services  as  a result  of  t 
costs  of  state  and  local  servi 
been  taken  into  account  in  the 
tenance  costs  for  the  project, 
revenues  resulting  from  Federa 
Project  area,  it  is  expected  t 
compensated  for  through  increa 
associated  with  the  multiple-p 
Prompton  Project 


ests  would  be  required  to  contribute 
of  operation,  maintenance  and  replace- 
rred  use  of  future  water  supplies  and 
the  future  water  supply  is  initiated. 

on  state  and  local  governments.  There 
in  the  cost  of  state  and  local  govern- 
he  Prompton  Project.  Any  increased 
ces  associated  with  the  project  have 
estimate  of  annual  operation  and  main- 
While  there  may  be  reductions  in  the 
1 acquisition  of  lands  in  the  Prompton 
hat  such  reductions  would  be  more  than 
sed  activity,  directly  and  indirectly 
urpose  development  features  cf  the 
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8 TOCKS  ISLAND  PROJECT, 

a.  Description.  The  Tocks  Island  Project  site  is  located 

on  Delaware  River  about  5 miles  upstream  from  Delaware  Water  Cap  and 
about  7 miles  northeast  of  Stroudsburg.  Pennsylvania.  The  proposed 
project  would  be  a multiple-purpose  development  to  provide  supplies 
of  water,  flood  control,  production  of  hydroelectric  poweq  and 
recreation.  Reservoir  capacity  to  level  of  top  of  spillway  gates 
would  be  765,000  acre-feet;  80,000  acre-feet  inactive,  410.000  acre- 
feet  for  supplies  of  water,  power  and  recreation,  and  275,000  acre- 
feet  for  flood  control.  The  dam  would  be  of  earth  and  rock  fill 
3,200  feet  long  and  rising  160  feet  above  the  river  bed.  A spillway 
would  be  cut  in  the  rock  of  the  left  abutment,  and  it  would  be  lined 
with  concrete  and  provided  with  crest  gates.  A gate-controlled  out- 
let works,  discharging  through  concrete  conduits  on  rock  along  the 
left  bank,  would  regulate  releases  either  through  the  turbines  in 
the  powerhouse  at  the  downstream  end  of  the  conduits  or  through  by- 
pass channels  in  the  powerhouse  substructure.  A pumped -storage 
powerhouse  would  be  located  underground,  upstream  from  the  dam,  on 
the  left  side.  The  project  would  contribute  to:  (1)  the  future 

water  supply  needs  of  the  Trenton-Philadelphia  area;  (2)  the  reduc- 
tion in  flood  damages  in  the  downstream  areas  of  especial  importance 
to  the  Delaware  Water  Gap-to-Trenton  section;  (3)  the  satisfaction 
of  the  future  demand  for  electric  energy  in  the  area;  and  (4)  the 
satisfaction  of  the  desire  for  nonurban  recreation  facilities  of  the 
regional  population.  The  Tock  Island  Project  would  be  required  in 
the  year  1975. 

b.  Economic  life.  The  economic  life  of  the  Tocks  Island 
Project  as  used  in  project  analysis  is  50  years. 

c.  Project  costs.  The  estimated  cost  of  construction, 
annual  cost  of  operation  and  maintenance,  and  annual  cost  of  major 
replacements  are  as  follows: 

1/  2/  3/ 

Construction  expenditures  $146,000,000  $122,000,000  $177,000,000 

Operation  and  maintenance  4,460.000  1,760,000  5,310,000 

Major  replacements  204,000  207,000  320,000 

1/  Flood  control,  water  supply,  directly  related  recreation,  and 
conventional  and  pumped- storage  hydropower, 

2y  Flood  control,  water  supply,  directly  and  indirectly  related 
recreation  and  conventional  hydropower. 

3/  Flood  control,  water  supply,  directly  and  indirectly  related 
recreation,  and  conventional  and  pumped-storage  hydropower. 

All  amounts  are  rounded  and  are  computed  on  the  basis  of  1959  price 
levels . 
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d.  Benefit-cost  ratios.  Benefit-cost  ratios  were  computed 
using  total  tangible  benefits  and  total  costs  reflecting  various 
interest  rates  applied  to  Federal  and  non-Federal  interests  for  50 
years  and  100  years.  The  benefit- cost  ratio  of  the  Tocks  Island 
Project  for  a 50-year  economic  life  is  2.2  without  the  pumped- storage 
hydro-power  feature.  This  ratio  was  computed  with  the  total  recrea- 
tion benefits  and  costs  (directly  and  indirectly  related)  included. 

The  comparable  figure  for  100-year  economic  life  is  2.6.  Capital  costs, 
operation  and  maintenance,  replacement  costs,  and  benefits  for  50  years 
and  100  years  are  as  follows: 


50  years 

100  years 

CONSTRUCTION 

1/ 

1/ 

EXPENDITURES 
ANNUAL  CHARGES: 
Interest  and 
Amortization 
(including 
interest  dur- 
ing construc- 

$122,000,000 

$122,000,000 

tion) 

Operation  and 

4,700,000 

3,700,000 

Maintenance 

1,760,000 

1,760,000 

Replacements 
Economic  Cost 

207,000 

318,000 

of  Land 

697,000 

641,000 

Taxes 

Total  Annual 

335,000 

335,000 

Charges 

ANNUAL  BENEFITS: 
Reduction  of 

7,700,000 

6,750,000 

Flood  Damages 
Recreation  (di- 
rectly & indi- 

1,460,000 

1,500,000 

rectly  related) 

10,000,000 

10,000,000 

Supplies  of  Water 

3,780,000 

4,090,000 

Power 

Total.  Annual 

1,820,000 

1,820,000 

Benefits 

BENEFIT -COST 

17,100,000 

17,400,000 

RATIO 

2.2 

2.6 

1_ / Excluding  pumped -storage  hydropower. 

Notes:  All  amounts  rounded;  totals  may  not  agree  with  sums  of  individual 

items  due  to  rour.dir.g. 

Interest  rate  of  2-5/8%  used  in  determination  of  annual  costs,  where 
applicable,  and  discounting  of  future  benefits. 
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e.  Intangible  project  effects.  Intangible  project  effects 

of  the  locks  Island  Project  would  include:  a contribution  to  the  pre- 

vention of  loss  of  life,  which  amounted  to  99  lives  lost  throughout  the 
Deleware  River  Basin  in  the  August  1955  flood;  assurance  values  from 
assigning  adequate  flood  control  storage  capacity  at  the  Tocks  Island 
Project  to  control  547.  of  the  standard  project  flood  to  non-damaging 
proportions  so  as  to  avoid  a false  sense  of  security  from  floods  among 
uhe  residents  in  the  urban  downstream  reaches;  and  the  value  of  the 
provision  for  sufficient  site  development  at  Tocks  Island  "Project  to 
insure  the  realization  of  optimum  recreation  benefits.  Adverse  effects 
resulting  from  the  locks  Island  Project  essentially  would  be  a con- 
sequence of  the  damages  expected  to  fish  and  wildlife  resources  in  the 
project  area.  There  is  presented  in  appendix  J to  this  report  the 
acres  of  land  and  miles  of  stream  that  would  be  required  to  replace 
these  resources  in  kind.  No  monetary  equivalent  for  means  of  recover- 
ing such  damages  is  presented.  Some  project  facilities  for  fisheries 
have  been  included  and  are  considered  in  the  overall  joint-use  con- 
struction expenditures  for  this  project. 

f . Physical  feasibility  and  cost  of  providing  for  future 
needs . The  Tocks  Island  Project  has  been  formulated  to  contribute 

to  the  satisfaction  of  current  and  future  needs  for  reduction  of  flood 
damages,  recreation,  supplies  of  water,  and  hydroelectric  power  over 
the  economic  life  of  the  project.  No  provision  has  been  made  for  later 
or  phased  construction  at  the  Tocks  Island  Project  to  satisfy  known 
additional  future  water  control  requirements  since  it  would  be  un- 
economic to  do  so.  Site  limitation  at  Tocks  Island  above  elevation 
428  involving  costs  for  protecting  the  Port  Jervis  area  precludes  the 
extension  of  the  scale  of  development  at  Tocks  Island  as  recommended 
herein.  Further  consideration  given  to  the  role  of  the  other  major 
control  projects,  to  be  developed  in  a logical  time  sequence,  indicated 
that  the  satisfaction  of  additional  and  future  requirements  could  be 
more  economically  achieved  through  use  and  development  of  these  projects 
than  through  further  site  development  at  Tocks  Island. 

g.  Allocation  of  costs.  Allocation  of  costs  were  computed 
by  (1)  the  separable  costs -remaining  benefits  method,  (2)  the  pri- 
ority of  use  method,  and  (3)  the  incremental  cost  method  on  two  time 
periods  for  amortization,  50  years  and  100  years.  The  cost  alloca- 
tion data  are  shown  in  table  AA-5.  In  the  incremental  cost  method 
of  allocation,  supply  of  water  was  considered  the  basic  function 
because  the  scheduled  date  for  development  of  the  project  is  based  on 
the  anticipated  need  for  supplies  of  water. 

h.  Extent  of  interest  in  project.  In  order  to  take  into 
account  the  desires  and  views  of  Federal  agencies,  affected  states 
and  municipalities,  during  the.  survey  and  the  preparation  of  the 
survey  report,  the  District  Engineer  formally  established  the  Delaware 
Basin  Survey  Coordinating  Committee.  This  Committee  was  comprised  of 
representatives  of  the  States  of  Pennsylvania,  New  York.,  New  Jersey, 
and  Delaware;  of  the  cities  of  Philadelphia  and  New  York;  and  of 

the  various  Federal  agencies  concerned  with  water 
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resources.  Ten  meetings  of  the  Committee .which  were  open  to  the 
public,  were  held  at  about  four-month  intervals  from  April  1957  to 
March  1960,  at  various  points  throughout  the  Delaware  River  Basin 
and  service  area.  Federal  agencies,  states  and  municipalities  were 
informed  at  these  various  meetings  as  to  the  progress  of  the  study 
and  given  the  opportunity  to  review  and  comment  on  the  features  of 
the  comprehensive  plan.  Also,  a formal  review  procedure  assured 
each  member  of  the  Coordinating  Committee  ample  time  to  comment  on 
the  major  features  of  the  studies  as  they  were  reported  on  in  the 
24  appendices  to  the  report.  At  the  conclusion  of  the  studies  four 
public  hearings  were  held  in  the  basin  to  advise  local  interests  of 
the  findings  of  the  study  and  afford  them  opportunities  to  express 
their  views.  It  is  believed  that  these  interests  are  in  general 
agreement  with  the  plan  presented.  Under  the  review  procedures  pre- 
scribed for  this  survey  report,  local  interest  will  have  additional 
opportunity  for  comment  on  the  features  of  the  plan  and  cost  sharing 
arrangements.  Federal  participation  in  the  Tocks  Island  Project 
would  be  as  follows: 


CONSTRUCTION  EXPENDITURES 
Annual  Operation,  Maintenance 
and  Replacements  2/ 


1/ 

$93,900,000 

1,870,000 

(1,950,000) 


1/  Excluding  pumped- storage  hydropower. 

2/  Amounts  in  parentheses  are  0 M & R during  period  of  deferred  use 
of  water  supplies. 


i.  Repayment  schedules  for  reimbursable  costs.  Costs  ap- 
portioned to  non-Federal  interests  are  as  follows: 


CONSTRUCTION  EXPENDITURES 
Annual  Operation,  Maintenance 
and  Replacements  2/ 


1/ 

$28,500,000 


and  Replacements  2/  98,000 

(20,000) 

1/  Excluding  pumped -storage  hydropower. 

2/  Amounts  in  parentheses  are  0 M & R during  period  of  deferred  use 
of  water  supplies. 
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Alternative  repayment  schedules  acceptable  to  the  Federal  government 
for  recovery  of  these  costs  are  shown  below: 


Function 


Construction 

Expenditure 


Annua 1" 


Lump  Sum 


Deferred 
Lump  Sum 


Deferred-^ 

Annual 


Supplies  of 

Water  2/  ($28,500,000 

rounded) 


Current 

Supply 

Deferred 

Supply 


1,248,000  $1,248,000  $48,000  N.A. 


27,241,000  27,241,000  1,050,000  $27 , 241 , OOO^1  $1,050,000 


1/  Assumes  Federal  financing  of  such  costs  at  2-5/8%,  and  amortization 
period  of  50  years. 

2/  Pumped-storage  hydropower  excluded. 

3_/  Initiation  of  use  of  deferred  supply  within  ten-year  interest  free  period. 
N.  A.  = not  applicable. 

j.  Effect  of  project  on  state  and  local  governments.  There 
are  no  major  changes  expected  in  the  cost  of  state  and  local  government 
services  as  a result  of  the  Tocks  Island  Project.  Any  increased  costs 
of  state  and  local  services  associated  with  the  project  have  been  taken 
into  account  in  the  estimate  of  annual  operation  and  maintenance  costs 
for  the  project.  While  there  may  be  reductions  in  the  tax  revenues 
resulting  from  Federal  acquisition  of  lands  in  the  Tocks  Island  Project 
area,  it  is  expected  that  such  reductions  would  be  more  than  compen- 
sated for  through  increased  activity,  directly  and  indirectly  associated 
with  the  multiple-purpose  development  features  of  the  Tocks  Island 
Project.  In  the  case  of  the  conventional  hydropower  facilities,  recom- 
mended for  Federal  development,  Federal,  state  and  local  taxes  estimated 
at  $335,000  annually  will  be  foregone.  The  effects  of  these  taxes  were 
taken  into  account  in  project  formulation  and  in  the  computation  of 
benefit-cost  ratios  shown  in  paragraph  8d. 
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9.  AQUASHICOLA  PROJECT. 

a.  Description.  The  Aquashlcola  Project  site  Is  located 
on  Aquashlcola  Creek  about  4-1/2  miles  upstream  from  Its  confluence 
with  Lehigh  River  and  about  3 miles  east  of  Palmerton,  Pennsylvania. 

The  proposed  project  would  be  a multiple-purpose  development  to  pro- 
vide supplies  of  water,  flood  control  and.  recreation.  Reservoir 
capacity  to  spillway  crest  level  would  be  45,000  acre-feet;  1,000 
acre-feet  inactive,  24,000  acre-feet  for  supplies  of  water  and 
recreation,  and  20,000  acre-feet  for  flood  control.  It  would  be 
formed  by  an  earth  dam  2,000  feet  long  and  rising  110  feet  above  the 
creek  bed,  and  have  a concrete  spillway  located  in  the  south  wing  of 
the  dam  and  gate-controlled  outlet  works  discharging  through  sluices 
in  the  spillway  section.  The  project  would  contribute  to:  (1)  the 
satisfaction  of  the  future  water  supply  needs  of  downstream  areas 
especially  the  Allentown-Bethlehem  and  the  Trenton-Philadelphia  areas; 
(2)  the  reduction  in  flood  damages  of  especial  importance  to  the  high- 
ly industrialized  Allentown,  Bethlehem  and  Easton  areas;  and  (3)  the 
satisfaction  of  the  desire  for  nonurban  recreation  facilities  of  the 
surrounding  population.  The  Aquashicola  Project  would  bp  required  by 
the  year  1981. 

b.  Economic  life.  The  economic  life  of  the  Aquashicola 
Project  as  used  in  project  analysis  is  50  years. 

c.  Project  costs.  The  estimated  cost  of  construction,  ex- 
cluding $488,000  for  indirectly  related  recreation,  is  $19,000,000; 
the  cost  of  operation  and  maintenance  is  $82,000  annually;  and  the 
cost  of  replacement  is  $2,000  annually.  All  costs  are  computed  on 
the  basis  of  1959  price  levels. 

d.  Benefit-cost  ratios.  Benefit-cost  ratios  were  computed 
using  total  tangible  benefits  and  total  costs  reflecting  various 
interest  rates  applied  to  Federal  and  non-Federal  interests  for  50 
years  and  100  years.  The  benefit-cost  ratio  of  the  Aquashicola 
Project  for  a 50-year  economic  life  is  1.1  and  for  a 100-year  economic 
life  it  is  1.3.  Capital  costs,  operation  and  maintenance  costs,  re- 
placement costs,  and  benefits  for  50  years  and  100  years  are  as  follows: 
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Amortization  Period 


1 

I 


CONSTRUCTION  EXPENDITURES 
ANNUAL.  CHARGES 


50  Years 
$19,000,000 


100  Years 
$19,000,000 


Interest  and  Amortization 
(including  interest  during 
construction) 

Operation  Maintenance 
Major  Replacements 
Economic  Cost  of  Land 
Total  Annual  Charges 

ANNUAL  BENEFITS 
Reduction  of  Flood  Damages 
Recreation,  directly  related 
Supplies  of  Water 

Total  Annual  Benefits 

BENEFIT-COST  RATIO 


769,000 

625,000 

82,000 

82,000 

2,000 

3,000 

21,000 

19,000 

874,000 

730,000 

293,000 

299,000 

159,000 

159,000 

484,000 

498,000 

936,000 

956,000 

1.1 

1.3 

Notes:  Costs  and  benefits  for  indirectly  related  recreation  are  ex- 
cluded . 

All  amounts  rounded;  totals  may  not  agree  with  sums  of  in- 
dividual items  due  to  rounding. 

Interest  rate  of  2-5/8%  used  in  determination  of  annual  costs, 
where  applicable,  and  discounting  of  future  benefits. 


e.  Intangible  project  effects.  Intangible  project  effects 
of  the  Aquashicola  Project  would  include:  a contribution  to  the  pre- 
vention of  loss  of  life,  which  amounted  to  99  lives  lost  throughout 
the  Delaware  River  Basin  in  the  August  1955  flood;  assurance  values 
from  assigning  adequate  flood  control  storage  capacity  at  the 
Aquashicola  Project  to  control  77%  of  the  standard  project  flood  to 
non-damaging  proportions  so  as  to  avoid  a false  sense  of  security 
from  floods  among  the  residents  in  the  urban  downstream  reaches; 
and  the  value  of  the  provision  for  sufficient  site  development  at 
the  Aquashicola  Project  to  insure  the  realization  of  optimum  recrea- 
tion benefits.  Adverse  effects  resulting  from  the  Aquashicola  Project 
would  essentially  be  a consequence  of  the  damages  expected  to  fish 
and  wildlife  resources  in  the  project  area.  There  is  presented  in 
appendix  J to  this  report  the  acres  of  land  and  miles  of  stream 

that  would  be  required  to  replace  these  resources  in  kind.  No  mon- 
etary equivalent  for  means  of  recovering  such  damages  is  presented. 

f . Physical  feasibility  and  cost  of  providing  for  future 
needs . The  Aquashicola  Project  has  been  formulated  to  contribute  to 
the  satisfaction  of  current  and  future  needs  for  reduction  of  flood 
damages,  recreation,  and  supplies  of  water  over  the  economic  life 

of  the  project.  No  provision  has  been  made  for  later  or  phased  con- 
struction at  the  Aquashicola  Project  to  satisfy  known  additional 
future  requirements  in  the  area  served  by  the  project  since  it  was 
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found  uneconomic  to  do  so  System  analyses  for  the  four  recommend- 
ed major  control  projects  in  the  Lehigh  River  Basin,  namely,  Beltz- 
ville,  Trexler,  Aquashicola  and  Bear  Creek,  indicated  that  the 
satisfaction  of  additional  and  future  requirements  would  be  more 
economically  achieved  through  the  orderly  development  of  the  Beltz- 
ville,  Trexler,  and  Bear  Creek  Projects,  as  recommended  herein, 
than  through  the  extension  of  the  scale  of  development  or  phased 
construction  of  the  Aquashicola  Project. 

g.  Allocations  of  costs  Allocation  of  costs  were  com- 
puted by  (1)  the  separable  costs-remaining  benefits  method,  (2) 
the  priority  of  use  method,  and  (3)  the  incremental  cost  method  on 
two  time  periods  for  amortization,  50  years  and  100  years.  The 
cost  allocation  data  are  shown  in  table  AA-6.  In  the  incremental 
cost  method  of  allocation,  supply  of  water  was  considered  the 
basic  function  because  the  schedule  date  for  development  of  the 
project  is  based  on  the  anticipated  need  for  supplies  of  water. 

h.  Extent  of  interest  in  project.  In  order  to  take  into 
account  the  desires  and  views  of  Federal  agencies,  affected  states 
and  municipalities,  during  the  survey  and  the  preparation  of  the 
survey  report,  the  District  Engineer  formally  established  the 
Delaware  Basin  Survey  Coordinating  Committee.  This  Committee  was 
comprised  of  representatives  of  the  States  of  Pennsylvania.  New 
York,  New  Jersey,  and  Delaware;  of  the  cities  of  Philadelphia  and 
New  York;  and  of  the  various  Federal  agencies  concerned  with  water 
resources.  Ten  meetings  of  the  Committee,  which  were  open  to  the 
public,  were  held  at  about  four -month  intervals  from  April  1957  to 
March  1960  at  various  points  throughout  the  Delaware  River  Basin 
and  service  area.  Federal  agencies,  states  and  municipalities 
were  informed  at  these  various  meetings  as  to  the  progress  of  the 
study  and  given  the  opportunity  to  review  and  comment  on  the 
features  of  the  comprehensive  plan.  Also,  a formal  review  pro- 
cedure assured  each  member  of  the  Coordinating  Committee  ample 
time  to  comment  on  the  major  features  of  the  studies  as  they  were 
reported  on  in  the  24  appendices  to  the  report  At  the  conclu- 
sion of  the  studies  four  public  hearings  were  held  in  the  basin 

. to  advise  local  interests  of  the  findings  of  the  study  and  afford 

them  opportunities  to  express  their  views.  It  is  believed  that 
these  interests  are  in  general  agreement  with  the  plan  presented 
Under  the  review  procedures  prescribed  for  this  survey  report  local 
interests  will  have  additional  opportunity  for  comment  on  the 
features  of  the  plan  and  cost  sharing  arrangements.  Federal 
participation  in  this  project  has  been  estimated  at  $8,540,000 
for  construction  expenditures  and  $51,000  annually  for  operation, 
maintenance  and  replacement  during  the  period  of  deferred  use  of 
future  water  supplies  and  $40,000  annually  after  use  of  the  future 
water  supplies  is  initiated. 
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_!/  Fish  and  Wildlife  benefits  and  costs  discussed  in  Appendix  J.  No  monetary  equivalent  given. 

2/  Priority  for  assigning  remaining  costs:  (1)  reduction  of  flood  damages;  (2)  directly  related  recreation; 

(3)  supplies  of  water. 

2/  Supplies  of  water  considered  the  basic  function  to  which  all  remaining  costs  are  assigned. 

NOTE:  Interest  rate  of  2%%  used  in  determination  of  annual  costs  and  in  discounting  of  future  benefits. 


i 


i.  Repayment  schedules  far  reimbursable  costs.  The  re- 
imbursable cost  for  the  Aquashicola  Project  would  include  a con- 
struction cost  of  $10,400,000  for  supplies  of  water.  Alternative 
repayment  schedules  acceptable  to  the  Federal  government  for  re- 
covery of  this  cost  are  shown  below: 


Construction 

Annua li/ 

Deferred 

Deferred  - 
Annual 

Function 

Supplies 
of  Water 

Expenditures 

$10,400,000 

(rounded) 

Lump  Sum 

Payment 

Lump  Sum 

Payment 

Current 

Supply 

Deferred 

4,753,000 

$4,753,000 

$178,000 

N.A. 

N.A. 

y $214,000 

Supply 

5,696,000 

5,696,000 

214,000 

$5,696,00' 

1/  Assumes  Federal  financing  of  such  costs  at  2-5/87.,,  amortiza- 
tion period  50  years. 

2 / Initiation  of  use  of  deferred  supply  within  ten-year  interest 
free  period. 

N.  A.  - not  applicable. 

In  addition,  non-Federal  interests  would  be  required  to  contribute 
$34,000  annually  for  the  cost  of  operation,  maintenance  and  re- 
placement during  the  period  of  deferred  use  of  future  water 
supplies  and  $44,000  annually  after  use  of  the  future  water  supply 
is  initiated. 

j.  Effect  of  project  on  state  and  local  governments.  There 
are  no  major  changes  expected  in  the  cost  of  state  and  local  govern- 
ment services  as  a result  of  the  Aquashicola  Project.  Any  increased 
costs  of  state  and  local  services  associated  with  the  project  have 
been  taken  into  account  in  the  estimate  of  annual  operation  and  main- 
tenance costs  for  the  project.  While  there  may  be  reductions  in 
the  tax  revenues  resulting  from  Federal  acquisition  of  lands  in  the 
Aquashicola  Project  area,  it  is  expected  that  such  reduction  would  be 
more  than  compensated  for  through  increased  activity,  directly  and 
indirectly  associated  with  the  multiple-purpose  development  features 
of  the  Aquashicola  Project. 
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on  Maiden  Creek  about  1/3  mile  upstream  from  its  confluence  with 
Moselem  Creek  and  about  12  miles  north  of  Reading,  Pennsylvania, 

The  proposed  project  would  be  a multiple-purpose  development  to  pro- 
vide supplies  of  water,  flood  control  and  recreation.  Reservoir 
capacity  to  spillway  crest  level  would  be  114,000  acre-feet;  2,000 
acre-feet  inactive,  74,000  acre-feet  for  supplies  of  water  and 
recreation,  and  38,000  acre-feet  for  flood  control.  It  would  be 
formed  by  an  earth  and  rock  fill  dam  2,600  feet  long  and  rising  110 
feet  above  the  creek  bed,  and  have  a spillway  about  400  feet  east 
of  the  dam  and  gate-controlled  outlet  works  discharging  through  a 
conduit  on  rock  along  the  left  abutment.  The  project  would  con- 
tribute to:  (1)  the  satisfaction  of  the  future  water  supply  needs 
of  downstream  areas  especially  the  Reading-Pottstown  and  Philadelphia 
areas;  (2)  the  reduction  in  flood  damages  of  especial  importance  to 
such  damage  centers  as  Reading,  Pottstown,  Norristown,  and  Philadel- 
phia; and  (3)  the  satisfaction  of  the  desire  for  nonurban  recreation 
facilities  of  the  surrounding  population.  The  Maiden  Creek  Project 
would  be  required  by  the  year  1982. 

b.  Economic  life.  The  economic  life  of  the  Maiden  Creek 
Project  as  used  in  project  analysis  is  50  years. 

c.  Project  costs.  The  estimated  cost  of  construction, 
excluding  $3,250,000  for  indirectly  related  recreation,  is  $27,600,000; 
the  estimated  cost  of  operation  and  maintenance  is  $130,000  annually; 
and  the  estimated  cost  of  major  replacement  is  $7,000  annually.  All 
costs  are  computed  on  the  basis  of  1959  price  levels. 

d.  Benefit-cost  ratios.  Benefit-cost  ratios  were  computed 
using  total  tangible  benefits  and  total  costs  reflecting  various 
interest  rates  applied  to  Federal  and  non-Federal  interests  for  50 
years  and  100  years.  The  benefit-cost  ratio  of  the  Maiden  Creek 
Project  for  a 50-year  economic  life  is  1.1  and  for  a 100-year  economic 
life  it  is  1,3.  Capital  costs,  operation  and  maintenance  costs,  re- 
placement costs,  and  benefits  for  50  years  and  100  years  are  as  fol- 
lows : 
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CONSTRUCTION  EXPENDITURES 
ANNUAL  CHARGES 

Interest  and  Amortization 
(including  interest  during 
construction 

Operation  and  Maintenance 
Major  Replacements 
Economic  Cost  of  Lands 
Total  Annual  Charges 
ANNUAL  BENEFITS 

Reduction  of  Flood  Damages 
Recreation,  directly  related 
Supplies  of  Water 

Total  Annual  Benefits 
BENEFIT-COST  RATIO 


Amortization  Period 
50  Years  100  Years 

$27,600,000  $27,600,000 


1.170.000 

130.000 

7.000 

76,000 

1.390.000 

243.000 

424.000 

826.000 

1.490.000 

1.1 


965.000 

130.000 
10,000 
69,000 

1 , 180,000 

254.000 

424.000 

903.000 
1,580,000 

1.3 


Notes:  Costs  and  benefits  for  indirectly  related  recreation  are 

excluded . 

All  amounts  rounded,  totals  may  not  agree  with  sums  of 
individual  items  due  to  rounding. 

Interest  rate  of  2-5/87,,  used  in  determination  of  annual 
costs,  where  applicable,  and  discounting  of  future  benefits. 


e.  Intangible  project  effects.  Intangible  project  effects 
of  the  Maiden  Creek  Project  include:  a contribution  to  the  prevention 
of  loss  of  life,  which  amounted  to  99  lives  lost  throughout  the 
Delaware  River  Basin  in  the  August  1955  flood;  assurance  values  fr  im 
assigning  adequate  flood  control  storage  capacity  at  the  Maiden  Creek 
Project  to  control  557,  of  the  standard  project  flood  to  non-damaging 
proportions  so  as  to  avoid  a false  sense  of  security  from  floods 
among  the  residents  in  the  urban  downstream  reaches;  and  the  value 

of  the  provision  for  sufficient  site  development  at  the  Maiden  Creek 
Project  to  insure  the  realization  of  optimum  recreation  benefits. 
Adverse  effects  resulting  from  the  Maiden  Creek  Project  would  essen- 
tially be  a consequence  of  the  damages  expected  to  fish  and  wildlife 
resources  in  the  project  area.  There  is  presented  in  appendix  J to 
this  report  the  acres  of  land  that  would  be  required  to  replace  wild- 
life resources  in  kind.  No  monetary  equivalent  for  means  of  recover- 
ing such  damages  is  presented. 

f . Physical  feasibility  and  cost  of  providing  for  future 
needs . The  Maiden  Creek  Project  has  been  formulated  to  contribute 
to  the  satisfaction  of  current  and  future  needs  for  reduction  of 
flood  damages,  recreation,  and  supplies  of  water  over  the  economic 
life  of  the  project.  No  provision  has  been  made  for  later  or  phased 
construction  at  the  Maiden  Creek  Project  to  satisfy  known  additional 
future  requirements  in  the  area  served  by  the  project  since  it  was 
found  uneconomic  to  do  so.  Analysis  of  the  water  control  require- 
ments in  the  Schuylkill  River  Basin  indicated  that  the  satisfaction 
of  additional  or  future  requirements  would  be  more  economically 
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achieved  through  the  orderly  development  of  the  Blue  Marsh  Project, 
as  recommended  herein,  than  through  the  extension  of  the  scale  of 
development  or  phased  construction  of  the  Maiden  Creek  Project. 

g.  Allocations  of  costs.  Allocation  of  costs  were  com- 
puted by  (1)  the  separable  costs-remaining  benefits  method,  (2) 
the  priority  of  use  method,  and  (3)  the  incremental  cost  method  on 
two  time  periods  for  amortization,  50  years  and  100  years.  The 
cost  allocation  data  are  shown  in  table  AA-7.  In  the  incremental 
cost  method  of  allocation,  supply  of  water  was  considered  the  basic 
function  because  the  scheduled  date  for  development  of  the  project 
is  based  on  the  anticipated  need  for  supplies  of  water. 

h.  Extent  of  interest  in  project.  In  order  to  take  into 
account  the  desires  and  views  of  Federal  agencies,  affected  states 
and  municipalities,  during  the  survey  and  the  preparation  of  the 
survey  report,  the  District  Engineer  formally  established  the 
Delaware  Basin  Survey  Coordinating  Committee.  This  Committee  was 
c 'mprised  of  representatives  of  the  States  of  Pennsylvania,  New 
York,  New  Jersey,  and  Delaware;  of  the  cities  of  Philadelphia  and 
New  York;  and  of  the  various  Federal  agencies  concerned  with  water 
resources  Ten  meetings  of  the  Committee,  which  were  open  to  the 
public,  were  held  at  about  four-month  intervals  from  April  1957  to 
March  1960,  at  various  points  throughout  the  Delaware  River  Basin 
and  service  area.  Federal  agencies,  states  and  municipalities 
were  informed  at  these  various  meetings  as  to  the  progress  of  the 
study  and  given  the  opportunity  to  review  and  comment  on  the 
features  of  the  comprehensive  plan.  Also,  a formal  review  pro- 
cedure assured  each  member  of  the  Coordinating  Committee  ample 
time  to  comment  on  the  major  features  of  the  studies  as  they  were 
reported  on  in  the  24  appei dices  to  the  report.  At  the  conclusion 
of  the  studies  four  public  hearings  were  held  in  the  basin  to  ad- 
vise local  interests  of  the  findings  of  the  study  and  afford  them 
opportunities  to  express  their  views.  It  is  believed  that  these 
interests  are  in  general  agreement  with  the  plan  presented.  Under 
the  review  procedures  prescribed  for  this  survey  report  local  in- 
terests will  have  additional  opportunity  for  comment  on  the 
features  of  the  plan  and  cost  sharing  arrangements.  Federal  par- 
ticipation in  this  project  has  been  estimated  at  $9,750,000  for 
construction  expenditures,  and  $94,000  annually  for  operation, 
maintenance  and  replacement  during  the  period  of  deferred  use  of 
future  water  supplies  and  $83,000  annually  after  use  of  the  future 
water  supplies  is  initiated 

i.  Repayment  schedules  for  reimbursable  costs.  The  re- 
imbursable cost  for  the  Maiden  Creek  Project  includes  a construc- 
tion cost  of  $17,800,000  for  supplies  of  water.  Alternative  re- 
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payment  schedules  acceptable  to  the  Federal  government  for  recovery 
of  this  cost  are  shown  below: 

1/ 

1/  Deferred 

Construction  Annual  Deferred  Annual 

Function  Expenditures  Lump  Sum  Payment  Lump  Sum  Payment 

Supplies 

of  Water  $17,800,000 
(rounded) 

Current 

Supply  9,570,000  $9,570,000  $360,000  N.  A.  N.  A. 

Deferred  2/ 

Supply  8,279,000  8,279,000  311,000  $8,948,000  $336,000 


1/  Assumes  Federal  financing  of  such  costs  at  2-5/8%,  amortization 
period  50  years. 

2/  Initiation  of  use  of  deferred  supply  estimated  at  13  years  after 
project  completion.  Accrual  of  3 years  interest  added  to  de- 
ferred supply  total  cost. 

N.  A.  - not  applicable. 

In  addition,  non-Federal  interests  would  be  required  to  contribute 
$44,000  annually  for  the  cost  of  operation,  maintenance  and  replace- 
ment during  the  period  of  deferred  use  of  future  water  supplies  and 
$55,000  annually  after  use  of  the  future  water  supply  is  initiated. 

j . Effect  of  project  on  state  and  local  governments. 

There  are  no  major  changes  expected  in  the  cost  of  state  and  local 
government  services  as  a result  of  the  Maiden  Creek  Project.  Any 
increased  costs  of  state  and  local  services  associated  with  the 
project  have  been  taken  into  account  in  the  estimate  of  annual 
operation  and  maintenance  costs  for  the  project.  While  there  may 
be  reductions  in  the  tax  revenues  resulting  from  Federal  acquisi- 
tion of  lands  in  the  Maiden  Creek  Project  area,  it  is  expected 
that  such  reduction  would  be  more  than  compensated  for  through  in- 
creased activity,  directly  and  indirectly  associated  with  the 
multiple-purpose  development  features  of  the  Maiden  Creek  Project. 
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11  BEAR  CREEK  PROJECT.. 


a.  Description . The  Bear  Creek  Project  is  a modification 
of  the  single-purpose  flood  control  project  with  incidental  recrea- 
tion use  now  under  construction,  which  is  located  on  Lehigh  River 

75  miles  above  its  confluence  with  Delaware  River  and  about  5 miles 
north  of  White  Haven,  Pennsylvania,  The  proposed  project  would  be 
a multiple-purpose  development  to  provide  for  supplies  of  water  and 
recreation  in  addition  to  the  present  flood  control  purpose.  Reser- 
voir capacity  to  spillway  crest  level  would  be  180,000  acre-feet; 

2,000  acre-feet  inactive,  70,000  acre-feet  for  supplies  of  water  and 
recreation,  and  108,000  acre-feet  for  flood  control.  The  proposed 
modification  would  require  alteration  of  the  spillway,  increasing 
the  height  of  the  dam,  extending  the  outlet  tunnel  by  the  addition 
of  a concrete  conduit,  and  constructing  new  and  raising  the  heights 
of  existing  dikes.  The  modified  dam  would  rise  263  feet  above  the 
river  bed  and  be  3,500  feet  long.  The  modified  project  would  con- 
tribute to:  (1)  the  satisfaction  of  the  future  water  supply  needs  of 

downstream  areas  especially  the  A1 lentown-Bethlehem  and  the  Trenton- 
Philadelphia  areas;  (2)  the  reduction  in  flood  damages  in  the  down- 
stream areas  of  especial  importance  to  the  highly  industrialized 
Allentown,  Bethlehem,  and  Easton  areas;  and  (3)  the  satisfaction  of 
the  desire  for  nonurban  recreation  facilities  of  the  surrounding  popu- 
lation. The  Bear  Creek  Project  would  be  required  by  the  year  1989. 

b.  Economic  life.  The  economic  life  of  the  Bear  Creek 
Project  from  the  time  modifications  are  completed  and  including  fea- 
tures of  the  existing  project  as  used  in  project  analysis  is  50  years. 

c.  Project  costs.  The  estimated  cost  of  construction, 
excluding  $875,000  for  indirectly  related  recreation,  is  $20,100,000, 
which  is  made  up  of  $11,100,000  for  the  cost  of  the  project  now  under 
construction  and  $8,990,000  for  the  cost  of  modifications  for  multiple- 
purpose  development.  The  total  new  construction  expenditure  required, 
including  $4,460,000  for  rehabilitation  of  the  existing  project  would 
be  $13,400,000.  The  estimated  annual  operation  and  maintenance  cost 

is  $117,000  and  the  estimated  major  replacement  cost  is  $3,000  annually. 
All  costs  are  computed  on  the  basis  of  1959  price  levels. 

d.  Benefit-cost  ratios.  Benefit-cost  ratios  were  computed 
using  total  tangible  benefits  and  total  costs  reflecting  various 
interest  rates  applied  to  Federal  and  non-Federal  interests  for 

50  years  and  100  years.  The  economic  justification  for  the  Bear 
Creek  Project  was  based  on  the  premise  that  the  modification  consti- 
tuted a second  stage  of  development  and  rehabilitation  to  provide 
feasible  comprehensive  development  with  a 50-year  life  expectancy. 

The  benefit-cost  ratio  of  the  Bear  Creek  Project  for  a 50-year  economic 
life  is  2.6  and  for  a 100-year  economic  life  it  is  3.3.  Capital  costs. 
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operation  and  maintenance  costs,  replacement  costs  and  benefits  for 
50  years  and  100  years  are  as  follows: 


Amortization 

Period 

50  Years 

100  Years 

NEW  CONSTRUCTION  EXPENDITURES 
ANNUAL  CHARGES 

Interest  and  Amortization 
(including  interest  during 

$ 13,400,000 

$ 13,400,000 

construction) 

577,000 

467,000 

Operation  and  Maintenance 

117,000 

117,000 

Major  Replacements 

3,000 

4,000 

Economic  Cost  of  Land 

17,000 

16.000 

Total  Annual  Charges 
ANNUAL  BENEFITS 

714,000 

603,000 

Reduction  of  Flood  Damages 

427,000 

427,000 

Recreation,  directly  related 

161,000 

161,000 

Supplies  of  Water 

1,290,000 

1,380,000 

Total  Annual  Benefits 

1,880,000 

1,970,000 

BENEFIT-COST  RATIO 

2.6 

3.3 

Notes:  Costs  and  benefits  for  indirectly  related  recreation  are 

excluded . 

All  amounts  rounded;  totals  may  not  agree  with  sums  of 
individual  items  due  to  rounding. 

Interest  rate  of  2-5/87«  used  in  determination  of  annual 
costs,  where  applicable,  and  discounting  of  future  benefits. 

e.  Intangible  project  effects.  Intangible  project  effects 

of  the  Bear  Creek  Project  would  include:  a contribution  to  the  pre- 

vention of  loss  of  life,  which  amounted  to  99  lives  lost  throughout 
the  Delaware  River  Basin  in  the  August  1955  flood;  assurance  values 
from  assigning  adequate  flood  control  storage  capacity  at  the  Bear 
Creek  Project  to  completely  control  the  standard  project  flood  to 
non-damaging  proportions  so  as  to  avoid  a false  sense  of  security 
from  floods  among  the  residents  in  the  urban  downstream  reaches; 

and  the  value  of  the  provision  for  sufficient  site  development  at 
Bear  Creek  Project  to  insure  the  realization  of  optimum  recreation 
benefits.  Adverse  effects  resulting  from  the  Bear  Creek  Project 
essentially  would  be  a consequence  of  the  damages  expected  to  fish 
and  wildlife  resources  in  the  project  area.  There  is  presented  in 
appendix  J to  this  report  a discussion  of  how  such  damages  attrib- 
utable to  other  projects  in  the  plan  of  development  might  be  miti- 
gated. No  monetary  equivalent  for  means  of  recovering  such  damages 
is  presented. 

f . Physical  feasibility  and  cost  of  providing  for  future 
needs . The  Bear  Creek  Project  has  been  formulated  to  contribute  to 
the  satisfaction  of  current  and  future  needs  for  reduction  of  flood 
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damages,  recreation,  and  supplies  of  water  over  the  economic  life 
of  the  project.  No  provision  has  been  made  for  further  modifica- 
tion at  the  Bear  Creek  Project  to  satisfy  known  additional  future 
requirements  in  the  area  served  by  this  project  since  it  was 
found  uneconomic  to  do  so 

g.  Allocation  of  costs.  Allocation  of  costs  were  computed 
by  (1)  the  separable  costs-remaining  benefits  method,  (2)  the  pri- 
ority of  use  method,  and  (3)  the  incremental  cost  method  on  two  time 
periods  for  amortization,  50  years  and  100  years.  The  cost  alloca- 
tion data  are  shown  in  table  AA-8.  In  the  incremental  cost  method 

of  allocation,  supply  of  water  was  considered  the  basic  function 
because  the  scheduled  date  for  development  of  the  project  is  based 
on  the  anticipated  need  for  supplies  of  water. 

h.  Extent  of  interest  in  project.  In  order  to  take  into 
account  the  desires  and  views  of  Federal  agencies,  affected  states 
and  municipalities,  during  the  survey  and  the  preparation  of  the 
survey  report,  the  District  Engineer  formally  established  the  Dela- 
ware Basin  Survey  Coordinating  Committee.  This  Committee  was  com- 
prised of  representatives  of  the  States  of  Pennsylvania,  New  York, 

New  Jersey,  and  Delaware;  of  the  cities  of  Philadelphia  and  New  York; 
and  of  the  various  Federal  agencies  concerned  with  water  resources. 

Ten  meetings  of  the  Committee,  which  were  open  to  the  public,  were 
held  at  about  four-month  intervals  from  April  1957  to  March  1960 

at  various  points  throughout  the  Delaware  River  Basin  and  service 
area.  Federal  ag  -.r.ciss , states  and  municipalities  were  informed 
at  these  various  meetings  as  to  the  progress  of  the  study  and  given 
the  opportunity  to  review  and  comment  on  the  features  of  the  compre- 
hensive plan.  Also,  a formal  review  procedure  assured  each  member 
of  the  Coordinating  Committee  ample  time  to  comment  on  the  major 
features  of  the  studies  as  they  were  reported  on  in  the  24  appendices 
to  the  report.  Ac  the  conclusion  of  the  studies  four  public  hearings 
were  held  in  the  basin  to  advise  local  interests  of  the  findings  of 
the  study  and  afford  them  opportunities  to  express  their  views.  It 
is  believed  that  these  interests  are  in  general  agreement  with  the 
plan  presented.  Under  the.  review  procedures  prescribed  for  this 
survey  report,  local  interests  will  have  additional  opportunity  for 
comment  on  the  features  of  the  plan  and  cost  sharing  arrangements. 
Federal  participation  in  ..his  project  has  been  estimated  at  $4,330,000 
for  new  construction  expenditures,  and  $85,000  annually  for  operation, 
maintenance,  and  replacemnn ..  costs  during  the  period  of  deferred  use 
of  future  water  supplies  and  a total  of  $55,000  annually  after  use 
of  the  future  water  supplies  is  initiated  . 

i . Repayment  schedules  for  reimbursable  costs.  The 
reimbursable  cost  for  the  Bear  Creek  Project  would  include  a con- 
struction cost  of  $9,110,000  for  supplies  of  water.  Alternate 
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TABLE  AA-8 


repayment  schedules  acceptable  to  the  Federal  government  for  the 
recovery  of  this  cost  are  shown  below: 


Function 


Construction 

Expenditure 


De ferred 
Lump  Sum 


Deferred 

Annual 


Supplies 

of  Water  $9,110,000 
(rounded) 

Current 

Supply  3,087,000  $3,087,000  $116,000  N.  A.  N.  A. 

Deferred  2 / 

Supply  6,026,000  6,026,000  226,000  $6,026,000  $226,000 


1/  Assumes  Federal  financing  of  such  costs  at  2-5/87=,  amortization 
period  50  years. 

2/  Initiation  of  use  of  deferred  supply  within  ten-year  interest 
free  period. 

N.  A.  - not  applicable. 


In  addition,  non-Federal  interests  would  be  required  to  contribute 
$34,000  annually  for  the  cost  of  operation,  maintenance  and  re- 
placement during  the  period  of  deferred  use  of  future  water 
supplies  and  $64,000  annually  after  use  of  the  future  water 
supplies  is  initiated. 

j . Effect  of  project  on  state  and  local  governments. 

There  are  no  major  changes  expected  in  the  cost  of  state  and  local 
government  services  as  a result  of  the  Bear  Creek  Project.  Any 
increased  costs  of  state  and  local  services  associated  with  the 
project  have  been  taken  into  account  in  the  estimate  of  annual 
operation  and  maintenance  costs  for  the  project.  While  there  may 
be  reductions  in  the  revenues  resulting  from  Federal  acquisition 
of  lands  in  the  Bear  Creek  Project  area,  it  is  expected  that  such  re- 
ductions would  be  more  than  compensated  for  through  increased 
activity,  directly  and  indirectly  associated  with  the  multiple- 
purpose  development  features  of  the  Bear  Creek  Project. 


